





ee eee 
ap Fe Bt 
; cs 


ad ~~ a2 

. ’ 
Bee AES ee 
49 -ee 
a OR. 


wedieal Li Ee eter ORS 


ey ee ee eS eee ts eee. ‘ i; a Pg. OY I * . ‘ 
ts ae rte Te, 3S £ - , mote: 75, ; 
Pht wees . rate 3 \ J cot - A 
o ae ¢ es s van 7 . 5 ama | ve. poe n/ 
ey q a ‘ sine. = ae a sit meet a7 4 : 
xs de : : Le ae yw abies 
> - 1g os : ? 
r 





Volume VII ©  SEPTEMBER,1926  § — Number 9 


THE JOURNAL OF 


-INDUSTRIAL 





HYGIENE 


AND ABSTRACT OF THE LITERATURE 





Editor, United States Honorary Consulting Editor Editor, Great Britain 
Davip L. Epsatt, M.D.,$-.D. Sm Tuomas M. Lecce, M.D., D.P.H. E. L. Corts, M.D., M.R.C.S. 











Modern Views on Some Aspects of the Occupational Dermatoses 


Hookworm Disease in Cotton Mill Villages of Alabama and 
Georgia: A Study on the Value of Sanitation in a 
Soil Province Heavily Infested with Hookworms 


Is Effective Temperature or Cooling Power the Better Index of 
Comfort ? 


Effective Temperature versus Kata-Thermometer: A Reply to 
H. M. Vernon 








Published Monthly at Mount Royal and Guilford Aves., Baltimore, Md. 
by HARVARD MEDICAL SCHOOL 


* Second-class matter, at the Post Office at Baltimore, Maryland, under Act of March 3, 1879. Published Monthly. 


Copyright, 1926, by Harvard Medical School. 


Made in United States of America 











F icine ena sheila 
Wanted 


Copies of The Journal of Industrial Hygiene for May, June, and Decem 
ber, 1919; January and February, 1920; and May, 1921. 


For copies of the May, June, and December, 1919, and January and Feb- 
ruary, 1920, issues in good condition $1 each will be paid; for copies of May, 1921, 
75 cents. 


Persons wishing to sell copies of these issues are requested to communi- 
cate with 


Managing Editors 


Journal of Industrial Hygiene 


55 Van Dyke Street 
Boston, Mass. 




















THE JOURNAL OF 
INDUSTRIAL HYGIENE 


PUBLISHED MONTHLY 











—_—— 


VotumeE VIII 


SEPTEMBER, 1926 


NUMBER 9 





NY 


MODERN VIEWS ON SOME ASPECTS OF THE OCCUPATIONAL 
DERMATOSES* 
R. Prosser Wuite, M.D. 


Con ulting Dermatologist, R.A.E. Infirmary, Wigan ; Ex-Presid nt, London 
Dermatological Society 


N INTERESTING fact, hardly 
realized by the majority of 
industrial physicians, is that 

occupational skin diseases present a 
greater variety of lesions than those of 
syphilis and tuberculosis combined. 
Again some of them show a longer 
latent, or incubation, period than the 
parasyphilides. 


DIFFICULTY OF DIAGNOSIS 


Perhaps in the majority of cases 
it is not difficult to diagnose and fore- 
cast the course and duration of a skin 
complaint due to industry or occupa- 
tion. With compensation looming 
large, we cannot afford to be uncertain 
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in justice to our clients, we must 
ie to differentiate the idiopathic 
Irom the accidental. 

1. The most common error is to 
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ommunicated to the Fourth Interna- 
nai Congress of Industrial Accidents and 

, -<imsterdam, September, 1925. 
ed tor publication Feb. 11, 1926. 


mistake a primary, internally produced 
skin disease for its traumatic counter- 
part. The former often runs a tedious 
and prolonged course; the latter, with 
few exceptions, has a definite limit. 

2. We must be able to recognize 
whether the patient has a congenitally 
normal skin. A constitutionally or 
hereditanily tender or weak cutaneous 
covering must prolong the period of 
convalescence. 

3. We must be familiar with the 
ordinary and usual repair processes 
of the skin and tissues. Then only 
‘an we judge how much time will be 
required for restitution, and whether 
restitution will be complete, or only 
partial. 

4. Much must depend on the com- 
petency of the physician in attend- 
ance. Secondary infections are 
common complications, but are pre- 
ventable. If unrestrained, they retard 


healing enormously. Some war cocca] 
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skin infections lasted for months and 
months. 

5. It is imperative to ascertain 
whether the agent is hable to, or has 
been proved to cause a dermatosis; 
and whether it is active enough to 
further the spread, or to restart a 
relapse of a prior dermatosis. Again, 
is the agent one of those whose habit or 
custom is to induce latent, concealed, 
or future dangers or effects? 

6. Lastly, we must recognize 
whether the irritant has the tendency 
to produce sensitization. A dermatitis 
or eczema may be native, inborn, or it 
may be aequired from unrecognized 
causes, e.g., Indiscretions in diet, an 
hereditary peculiarity of the blood or 
tissues, or other numberless unknown 
reasons. It is then idiopathic. It 
may be a reaction simply and solely 
due to the agent. It is then trau- 
matic. On the other hand, a biologie 
or chemical correlation may be present, 
or may form between the skin and the 
agent. This shows itself by an ex- 
cessive cutaneous reaction or by other 
unusual features. When this happens, 
sensitization is suggested or disclosed. 
Sensitization can change the type and 
features of an eruption. Apart from 
altering the prognosis and the incidence 
and severity of the disease, the pres- 
ence of allergy decides the question: 
that it is not suitable for such a person 
to follow his old work or similar work 
entailing exposure to the sensitizing 


agent. 


DIFFERENTIAL DIAGNOSIS OF TRAU- 


MATIC DERMATOSIS AND IDIO- 


PATHIC ECZEMA 


The histology and symptoms of 


eczema and of traumatic dermatitis 


are practically identical. Both can 
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be as satisfactorily explained pith, 


by a toxin of unknown origin cireylas. 
ing in the blood or by a poison gener. 
ated in the cells by external irritation, 
Under these circumstances we ay, 
often compelled to rely on the history 
duration, ease of cure, and the exac 
nature and kind of materials worked 
among, etc., for a differential diagnosis 
This is the reason why so many blund- 
ers arise. A previous attack of skin 
trouble, or a proclivity to attacks of 
seborrheic eczema, must be scrutinized 
and excluded before the occupation or 
any chemical canbe blamed as solely 
responsible. Gardiner (1) says that 
seborrhea hastens the oncoming of an 
occupational rash by months; exces- 
sive sweating by weeks. They cer- 
tainly help to make it more prolonged. 
In the presence of individual tenden- 
cles and weaknesses, it is difficult to 
ascertain how much blame should be 
attached to the unhealthy condition 
of the skin of the person and how much 
to the agent. ‘This is especially difh- 
cult when we try to apportion th 
relative responsibility for the con- 
tinuance or reappearance of an erup- 
tion. 


Distinguishing Features 


Situation, mode of onset, want 0! 
definite edge, and the differences 
shown in Table 1 will, in 99 per cent. 
of the cases, make diagnosis reason- 
ably correct. To diagnose and differ- 
entiate an idiopathic from a traumat! 
eczema in a doubtful ease, especially 
if the rash is very persistent, is often 
difficult. It demands either that t! 
patient be under the observer's pel 
sonal and immediate care and | 
watched for three or four weeksy.0! 
that the physician must have ! 
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jotails and every particular covering 


‘hat period. Again, the medical man 


ity or a senile epidermis bears irrita- 
tion badly, and healing is retarded. 


RLE 1.—DISTINGUISHING FEATURES OF OCCUPATIONAL DERMATITIS 


OR TRAUMATIC ECZEMA, AND OF IDIOPATHIC ECZEMA 








accUPATIONAL DERMATITIS OR 
TRAUMATIC ECZEMA 





<tarts around follicles (2). 
initial erythema is brilhant (3). 


Vesicles are size of a pinhead (4). 

Vesicles form separately and tend to re- 
main discrete. 

Vesicles persist and increase in number 
only so long as Irritant is present. 


hxudation is not copious; it soon lessens 


) 
if irritation is removed. 


Does not recur when irritation is removed. 








| 
| IDIOPATHIC ECZEMA 
| 
| 
| . . 
| 1. No particular preference. 
2. May pass unrecognized. Is usually evi- 


dence of early secondary infection. 
Often the first symptom Is itching. 
3. Vesicles are size of a pin point (4). 











4. Vesicles coalesce rapidly. 


Vesicles erupt and continue to form with- 
out apparent cause even when irritant 
is withdrawn. 


Gr 


6. Exudation is copious; it often stands in 
drops on skin (puils épidermique de 
Devergie). 


~J 


Stops and starts again at intervals with- 
out apparent provocation. 
may take place indefinitely. 


Lelapses 


| 
| 
| 





ist be a skilled observer, otherwise 
the opinion cannot be final or carry 
great welght. 
\ mistaken diagnosis means a 
ong’ either to the employee or to 
employer. Further, if the diag- 
sis Is Incorrect, a reasonable prog- 
nosis 1s impossible. 


LENDENCIES WuicH LENGTHEN THE 
PROGNOSIS 


t }* 


individual peculiarities of the skin 
ike uncertain our prognosis. 
tary structural defect may ren- 
dermatosis difficult to cure. 
esence of any degree of ich- 
iaynaud’s disease, chilblain 

vith poor circulation, epider- 
bullosa, dyshidrosis, or pom- 

vays prolongs convalescence 


} 


upucates recovery. Immatur- 








One great value of the entrance 
examination prior to employment 
should be the elimination of these 
risks. No person ought to start work 
who suffers from any present skin 
complaint or physical disability which 
may disqualify him later. It is waste- 
ful to the industry, and may be calam- 
itous to the individual. In a works 
with which the writer is connected, 
where the risk of exposure to noxious 
dust is constant, 10 per cent. of the 
applicants are rejected at the entrance 
unsuitable. The 
greater number of rejections is due to 


examination as 
some cutaneous disability. 


Primary Effects of the Agents 


All agents which directly destroy the 
horny layer show a prompt effect. 


Thus, we get an immediate solvent 
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action with the alkalies and the alka- 
line earths, e.g., lime, soda, and the 
sulphides. Risk is always present 
as long as a man has to work among 
these materials, if they are handled 
in sufficient strength. ‘The sores they 
produce are superficial, rather than 
deep. Other noxious substances, e.g., 
chrome, ete., appear to have little or 
no effect on the stratum corneum. 
In such cases the work remains harm- 
less as long as the epidermis remains 
intact. Once this layer is_ broken, 
oxidation, or other chemical action, 
begins. The time traumatic sores 
take to heal depends on the extent and 
depth of the lesions. A simple super- 
ficial sore requires from ten to twenty 
days to recover. A penetrating ulcer 
cannot be expected to heal soundly 
and well under several weeks of care. 
Another interesting point is that cer- 
tain forms of irritation never lead to 
malignancy. One or two specific 
peculiarities seem to be required; one 
is special to the tissues, and the second 
is dependent on the specific activity 
of the agent. For instance, rats and 
guinea-pigs do not develop cancer 
readily from tar. White mice and 
men do. Here the specific factor 
resides in the tissues. The constant 
irritation of chrome, as is emphasized 
by Legge (5), although it may be life- 
long and although it may cause ulcer- 
ation and destruction, is not known to 
have started epithelioma. Here the 
irritant is lacking in some specific 
property. Again, malignancy cannot 


be brought about merely by the irrita- 
tion of acute or chronic inflammation 
(6), in spite of the fact that the irrita- 
tion may be oft repeated or contin- 
t would seem that only those 
agents which can set up a proliferation 


uous. 
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of the epithelial tissues possess Car. 
cinogenic properties. Another fae of 
much interest is that these groyt), 
are invariably prickle-celled or squay, 
ous-celled. The squamous-celled ey. 
cer is the cancer of irritation. We ¢, 
not know the special form of irritatioy 
which produces a basal-celled cance; 
although it is, comparatively speaking 
by far the most common cancer of the 
skin. Only recently are we relearning 
to appreciate the long and indefinit, 
latency of action of some of thes 
keratogenics. Gye (7) says that there 
are two mutual and necessary infly. 
ences in the genesis of malignancy. 
They are his “particular virus” and 
his chemical “specific factor.” This 
latter may be the same as Leitch's 
“srowth aggressin” (8, p. 7). 
Latency.—Both of the influences 
just referred to must have been in 
force in 1823 when soot cancers were s0 
frequent in certain workers and dis- 
tricts as to be recognized as a family 
complaint. Earle (9, p. 297) and 
Curling (10) mention the prolonged 
latency of these cancers. Bland-Sut- 
ton (11) records an example after 
thirty-five years of constant exposure 
to soot. A man who was a chimney 
sweep’s climber as a boy and who then 
for many years was at sea as a sailor 
is referred to. by Bang (12). Though 
absent for a lengthy period from the 
irritation of soot, he later exhibited 4 
malignant growth. Other striking 1- 
stances of latency to tar are mel 
tioned by Legge (13). In a man 
aged 78, a tar carcinoma “was state’ 
to have been contracted in a gas work 
28 years previously, and another, age" 
75, had been pensioned off 17 year 
previously, after having worked » 


years.” A lengthened latency to ™ 








OCCUPATIONAL DIERAMATOSES al 


yinning olls is also apparent. 
oy eases of mule spinners’ 
disease appeared from one 
n vears after the person 
id retired from all employ- 
The ultimate prognosis Is 
nit to estimate In men who 
ng or who have been exposed 
materials. Dare we give a 
rO@NIOSIS. 
The internal admiunistra- 
enie was known to induce 
and caneer In ISS3 (15) and 
ae j). Previous to that (1820), 
found eancers In COpper 
Prom the fumes ot arsenic 
1) this process. The nent 
which mahenant growths 


elr appearance Was in the 


QO] Paris green LS 
| ples then cropped up in the 
| | ep dip” factories (19), numerous 
, Ing How on record 0) 2 | 

) (5, p. 71) (22), ete. Finally 
eitch and Ikennaway (23) (S) sue- 
1 | n producing these growths 
. ntally by external application 
r ndustrially they never make 
e pearance until after tw hty to 
y rt rs of contact with the offend- 
n ir nt: risk is not determined by the 
I the initial lesions. When 
h ntally testing white mice, it Is 
0 to paint them thrice weekly 
a lays, In order to generate 
\- This is a large slice of 
i fe of a mouse. We may 
Is it that arsenic starts 

skin only, and is unknown 


other tissues of the body? 
nay ask whether, in indus- 
rption. of the fine arsen- 
used through the atmos- 
reathed into the lungs or 


I) Into the stomach is not 








likely to have a greater effeet in caus- 
Ing cutaneous eaneer than its local 
irritative effeets on the skin? 

Petrol win and Shali Oils. Among 
workers in the petroleum industry, 
prognosis is largely guided by the 
exact type of work perform d and hy 
the class of materials handled, thetr 
origin, and the heat used in distilling 
them. apart from the leneth of ex- 
posure. Certain of the Pennsyvlvan- 
ian, Canadian, Galician, and Rouman- 
lin olls do not largely inaugurate 
neoplasms (24 

\bout 539 eases of eaneer have 
occurred in the eotton spinning in- 
dustry, the majority of which have 
been unearthed by Dr. Henry (13, p. 
9 ), They have been shown to be 
due to the use of the lubricants (14, 
». 4+). The spinning oils in general 
use are supposed to consist of the more 
refined products. They distil over 
after the ethers and burning otis, 


and are earetully elarifie cl, The dan- 


c'( ris probably eaused 1) aclulte ration, 
()] hy il mixture with omeot the eruder 
distillates. Petroleum oils are less 


earinogenic than coal tars. In shale 
oll workers, the prospect of developing 
eaneer Is O.5 per cent. 25). Though 
shale oil is obtained at a temperature 
of 400 Ra it IS less likely LO produce 
eancer than gas works tar (24), or 
soot (S, pp. 4 to 5 

(cenerally speaking, the hazards 
from late complications In the bitum- 
mous eonl and O1| products are 
largely Influence «| by the te mperature 


at which the products have heen 


evolved. Itwennaway, by submitting 


9 non-cancer producing Ol ton vreut 
heat, has made if ecareinog nic. W hen 
manipulating cou! tar distillates in 


ordinary commercial processes, It is 
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almost impossible to say that all the 
heavy residues have been removed. 
Thus ereosote has been shown hy 
(‘ookson (26), O'Donovan (27), and 
\Iackenzie (2S) to set up epithelioma. 
So far as I know, the absence of other 
heavy fractions was not tested, and 
therefore their presenee cannot he 
excluded. Experiment alone can de- 
eide this point. Industrial materials 
are not so accurately examined as 
those in an ON} rimental Inboratory. 
Tar and Pitch.—TVar and pitch are 
strongly carcinogenic Industrial agents, 
\ single painting of white mice with 
tar, performed by Murray (29), and 


‘Onn two paintings ()T)} different dates 


by Findlay (39) resulted in the 
erowth of tumors after four and twelve 
rmiontlys Interval respect! ely In 
tig ( Mn IOnN © per Id Tal ({IS- 


tillery works, Henry (5, p. 74) found 
that a serious proportion showed eyi- 


denee of some preenneerous aetivity. 


In estimating prognosis. another 
: : + . 7s) . 4 | . + 
Daomt of great Inporanece is The AVAL 
pit. Cte ] ‘3 ; 
abilitv. of skilful early din@wnosis and 
treatment. It present. serious tuture 


danger Is mue! lessened. 


The action of cL] these earelnogenie 
agents Is practic: ily identieal, \lodi- 


fications depend on the dose and the 


] j ray 
’ ‘ ' »\4 
leneth ()] COntaCT. Lhe presen 
fi. > e 4f F 
CPIASSTTICALION ()} if hes TOTS f al ~ i () 
} ] ] 4 ] 
CCOTLLTT eete { \ CO TT) ii | (| If I~ 
+ | ‘ 
| 1? y)) ,? = 
l] Pole ] | { if - 1} } Ci] { a I yf 
‘ j r)7 ) ) ? ) 
(iC 'f iit @) ll? 14] SCCODCL] 
™~ |] 7) ? *? ’ } ) t »\) nt 
{ ‘7 ( rier} an a oe | { ‘ 
(7! (*] \( ( (1¢ ane \ | ls l ( 
{ ( (*] T tye (*( aele ICTs ()? (’=- 
\ , 
! ~ y »\) \¢ : 
\ ‘ - {*] _ War- 
ri? ris ( ) wT { (*T rye \\} T ¢ } 
~ { ~ r)?T ~ / ’ ()) 


rash in former days when gi 

doses of arsenic by mouth t: 
for chorea. In industry the ¢ 
Inhaled may be smaller, but 
sorbed continuously during \ 
for months and years. Any 
and continuous action of th 
whether arsenic, oil, Or 1: 
eventually cause a permane) 
tion of the skin eapillaries, 

the redne SS heeome < dusky 

vested because of stasis of t! 


fieinl vessels, 


Another primary lesion is t! 
papule ig, 1). This is ofte 
at first, until the papule Is bro 


seratehing. In the oll ana (*() 


the primary black dots forms 


materials handled fill up and 


+} 


the mouths of the hair folliel 


arsenical dermatitis the folliel 


blocked by keratotie plugs, 
pigmented bodies. From thi 
I SIONS. apparently, proceed 
further troubles. The ear! 
are well depicted in) iour 


shows the “shagreen”’ sku 


prolonged exposure to oll. ‘e) 


has pictured many excellent ¢ 
In) their later and more 
stages. ven in fairly early 
skin feels rough, harsh, dry, 
ered with branny scales. St 
over its surface are the num 
head to split pea s170d 
eolore (| brow ll. loxnct ly <1] 
from Soot were deseribed 
31). In Figure 2 sears a1 
areas are present on differ 
examined with a lens. the 
lined fine black comedones 
to be numerous. Irom th 
the war, especially In (re) 


Austria, and freely deseribe: 


writers ot these nations, s&s] 


~ ‘ 
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a] 


The general varie- — tween this growth and cotton spinning 


Anostis. 


mottled appearance of the — was first brought to light by Southam 


i 





























hig. l.--Primary papule in a mule spinnes 

he Ruptured primary papiile The man also suffered trom a 
scrotal epithelioma. These prety) les form at occasional intes 
vals Prom working among certain kerat mene agent The 
Is lally last about amonth. Sometimes they are itehy and vet 
broken hy scratching, as Ln this iInstanee, Phe i exach re ls 
thonship Lo future malignant vrowths has nat been lI)- 
stigated, 
3. Some of the numerous small black plugs which stipples 


the surtace of hoth forearms. 


ve 


Typical oll aene is not present in this ease, The solitary 
papule, the numerous comedones, and slight roughness were 
the only lesions on the skin of this mule spinnes POreCaArmn., 
lle had worked over twenty-five years on this same job, 


splayed in hjgure 2. The and Wilson (32). It will be seen that 
parchment texture is evi- the skin of the fingers in Iigure 2 
Lie touch and Is pathog- shows 4 slight thick ning due to the 
the effects Upon the skin aetion of the ol. The dilated eapil- 
ill the carcinogenic agents, larics and congested color are not 
tuges of their development. brought out in the prints; nor were 
shows an example of mule any of Whitfield’s skin colored warts 
incer, The correlation be- present. 
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If sufficiently 


peated, CXPOSUre to 


prot raeted or. re- 


eareiMogenie 
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when the first pathologie sign 


is present, such as. swellins 

















hig. 2. -Onl dermatoses, 
ispecet of the skin resulting f1 
carcinogenic agent, the ker: 


show Ing the 


WGLA LS 





variegated ‘“shagreen”’ 


from the continuous action of any 


DAapulles an | ho lules, and the 


re | 
SCHArs and atrophie ATeas. ‘The parchment-like and thickened 


1? } sit’? ry} t) " Taree 
'\ ' \ i | ‘VT atait 


svents. tar. arsenic. aniline and 


cortain petroleum and tar products 


ana radiations Is Invariably followed 


ss 


by epithelioma. Dubreuilh (6) savs: 
“The mahgnaney of preeancerous ker- 
atosis is not an aecidental complica- 
tion, it is the final step In their natural 
evolution to certain definite agents.” 
with sensitive 


1 
inimials. CNPOSULEC tO These 


lt has been proved that, 
agents 


need ay 


neither long nor frequent in 


OQrer lo nee Canes - yay sthis hold 
eood tor the human skin? If so, we 
Cahh reasonabive assume that even a 
COSTAL O} orensions| CONTACT WIT) these 
‘ > , }] ‘ ] ] - 

SELIOSTILTICeS Pry be’ TO) OW i)>\ SCPIOUS 
“)? rmone i ] , | . | 

consequences, Loday we know that 


han depth Ot the 


' 1: 
pra Mar Markings. 


connective tissue, the growt! 


he stopped, except by oOperal 


moval (33 


an Industrial P 


Are Sea oe 


Probably all sear tissue Is 
prone CO heceome eancerous. 
coming requires some specific | 
excitant. 


large sears more liable than sn 


Lack ot nourishme | 


to break down and thus su 


the irritation ot secondary 1] 


If echronie Irritat Ion. 


ePXCeCDI 


eaused by an aUuxetie agent 


() 
produce secondary 


common flora ot th 


Cancer. 
from the 


hardly do so. 
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.4) mentions among the 
ts of a burn that malignant 
the sear may follow within a 
the injury. Lazarus-Barlow 
that only | per cent. of all 
ect the skin and of these 
rise from sears. A eancer- 
stie change Is claimed to be 
ftor acid and eaustie alkalis 

umston (36). He enumer- 
stanees. Mbushell (37) has 
ample ot CONCeCTOUS erowth 
> exeised seven months after 


seed burn in aman aged 57. 


Obherling ste’ at seribe cl 

lip, In a youth aged 22. 
me mahegnant two years 
another instance, a man 
eloped epitheltoma of the 
QO months atter a burn. In 
QZ Oppenheim 39) noted 
cent. of the Very numerous 
at his ambulatorium Were 

“easting Iron.” They 

e three weeks to Cure 
scems to be a very rare 
tothe present time, cancer 
erators and in laboratory 
totaled about 100 cases 


‘| ne average age at which 


1) these workers Is 34. 
“| authorities Ave. jy Sé. 


% rte d aS a paramount influ- 


product Ion ot Industrial 


Li agent, QT) the oth l’ 


eratogenic., The pres- 
| a 

and atrophie tissues 
the difheultyv of cure 
ty Of spread of the 

tO & GCareinogenie sub- 


; ! ] : 
MmCilal Cancer 1S SUD- 


OLE DOC a primary papule 





This may either be torn out by seratch- 
Ing, or it May Increase until it becomes 














moderate-sized shilling keratotie 
nodule. It may break down, forme a 
small or large uleer, and heal. Under 
exposure to the irritant, it forms and 
gets eured, al Intervals, QO) Vears, 
Some of these different changes were 
noted in the keratoses shown in 
igure 2. 

We have yet tO learn why iY) SOME 
Cases mio rate dos S AC followed by 
carcinoma. and whit It) other Instanes 
I’ |e Tt «| ( XS POsure Is mw ee SST ante- 
eedent. Subungual hyperkeratos! Is 


- —s ; | ; 
Hl TO pe & TAWVlv Common result PPOudr 


I 
readin. it av SOmetirrae be & Use 
(1] ‘ Cn Tmation it =~ THOT OSE?) ec 
} 1 4 
{ter A- Burns from the latter 
ead ; ] + | | 
ry Priore f rPACLADI Phan those POU 





es 


a 











nal) 


THis JOURNAT OF 


radium (41 


herrer cited in) () SAVS that 





The reason is not stated. 


senile 
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all writers in the past, th 


have been attributed to hes: 


i 
at 





OW ~ ion of edee of epithellomatous uleer, low powe | 
al eontormation of the tumor. 
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\UTHOR’S CLASSIFICATION OF 'THE DERMATERGOSES 


' Vechanical or Physical Agents.—Cuts, pricks, abrasions; heat, cold; friction; elee- 
-: mass effects, such as subdivision and molecular form, solid, liquid, or vapor; radia. 
actinic, heat, and luminous. 
Detergents. —Warm water; soaps; mild alkalies; turpentine and its substitutes; all 
tances which emulsify skin lipoids and thus increase the irritant action of other chemt- 
ttonseed oil; olive oil; aleohol; the phenylene bases; aniline and many aromatic 
carbons, which dissolve the skin cholesterols and are thus enabled to penetrate. 
\»n hydrides and Desiccators.—Hygroscopic agents which pick up water and generate 
oat in forming their respective strong acids: phosphorus pentoxide, sulphur dioxide, 
hur trioxide, nitrous oxide, and nitric oxide; potash, soda, and powerful alkalies which 
-y the skin: ammonia, calcium oxide, calcium chloride, and potassium chlorate; some 
“js. such as strong sulphuric; glycerin; heat ; hypertonic solutions. 
' Hydrolizers (unite with one or more molecules of water to form separate compounds 
lly more simple).—Substances which split chlorine ions from their compounds, such as 
hosphorus, dichlorethylsulphide which frees hypochlorous acid and hydrochloric acid 
boroeaine, which is split into boric acid and cocaine (46); ammonium nitrate, which is 
nto nitric acid and ammonia; and phosgene (carbonyl chloride), which is split into 
drochlorie acid gas and carbon dioxide. 
During hydrolysis energy is liberated. ‘Thus, when mustard is hydrolized by contact 
the skin, the energy set free stimulates the sensory nerve endings. The axon reflex 


causes dilatation of the vessels down to the muscles. Erythematous swelling, blisters, 

ecrosis may result (47). 

Keratin Solvents.—Sulphides; alkalies and alkaline hydrosulphides; milk of lime; the 

ne earths. 

Protein Precipitants (are all irritants (48)).—-All heavy metal salts (48); formalde 
le; most acids, among them tannic, picric, and carbolic. 


(j ‘yf 


lizers (give off oxygen).—Nitrates in the presence of acids; chlorine gas and its 
inds in the presence of water; free iodine and its preparations; the hypochlorites, 
iding bleaching powder; ferric chloride; hydrogen peroxide; chrome and many of its 
ermanganates; chlorate and nitrate of potash; nitric and sulphuric acids under some 
us; pure potash and soda; ozone; the persulphates of soda and potash in the pres- 
rganic matter. 


cers (dissociate water, freeing hydrogen;in weak solutions they are often kerato- 
iimulating cornification; in strong concentrations they act as keratolyties).—Tar; 


ealiol; most free and all finely divided colloid metals: formaldehyde; paraldehyde ; 

acid; ichthyol; resorein; sulphur dioxide and the hyposulphites and sulphides; 

monoxide: hydrogen gas; arsenious oxide, which combines with oxygen to become 

(1; para-phenylenediamine and meta-phenylenediamine, which when unoxidized 
‘ul reducers; phenol in the presence of oxidizing agents. 

Which Liberate Free Acids from Salts or Form Toxic Nitro Derivatives.—Nitro- 

}., trinitrotoluene (T.N.T.), dinitrophenol (D.N.P.), tetryl, and pierte 


{f.4 


ye 


jenie and Neoplastic Agents.—Arsenic; certain distillates of wood, of bitumi- 
1 petroleum, and of the shale oils: aniline (?): certain radiations. 
lgents.—Vegetable and anima! activities on the skin and tissues: micro 


Dparasites. 


zers (anaphylactoid (44)).—Chemical: mustard gas, hematoporphyrin, 
“muth, benzene molecule in 606, iodoform, mercury, phenylhydrazine, satinwood 
nine) (49); vegetable oleoresins and juices: Rhus, Primula, vegetable lacquer, 


irpentine; arnica; alkaloids: quinine, codeine, morphine, atropine, and fungi. 


lactic Agents.—Invariably proteins (foreign)—vegetable: legumes, cereals, 


‘animal: eggs, milk, feathers, scales, and flesh. 
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HOOKWORM DISEASE IN COTTON MILL VILLAGES OF ALAR\Y 





Ma 


AND GEORGIA: A STUDY ON THE VALUE OF SANITA- 
TION IN A SOIL PROVINCE HEAVILY INFESTED 
WITH HOOKWORMS* 


DoNnaALp L. AUGUSTINE, Sc.D. 


From the Department of Comparative Pathology, Medical School and School of P 


aaolie 


Health, Harvard University, Boston, Mass., and conducted at the Field 
Research Laboratory, International Health Board, 
Andalusia, Ala, 


CURING the 


a study was made of four 


sununer of 1925 

cotton mill villages of south 
Alabama and south Georgia in order 
to determine the value of sanitation 
as a principal factor in the control of 
hookworm disease. These villages, 
owned and controlled by mill authori- 
ties, were chosen for this problem 
because they were well sanitated, and 
their population originally 
came from unsanitated rural districts 


of the lower coastal plain where hook- 


heeause 


worm disease was found so severe that 


it constituted an economic menace 
to the welfare of the people, particu- 
larly affecting the health of children 
of school age (1). 

The mill workers before moving in- 
to the mill village were, for the greater 
tenant 


seattered farms. 


part, farmers and lived = on 
These farm homes 
have no sort of sanitation, except a 
crude, 


pollution is 


have back 


Sol 


which 
toilets. 
heavy, especially in certain frequented 


few open 


always 


spots, and as the soil and climate of 
this provinee are favorable for the 
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development of the worm to the jp 
fective stage, the effects of the diseas 
may be strikingly seen in many of th 
children. 

The families, however, 
tracted to the mull, where 
conditions are better and where th: 


being 


housing 


older members find employment, soo: 
abandon former habits of promiscuow 
defecation for the approved types 
toilets provided for them, and except 
visits to the countr 
there is little or no opportunit 


for occasional 


them to come in contact with intestec 
the time the families 
move into the mill village practical) 


soil. From 
no new infestation is acquired, 
the hookworms previously acqu! 
die in from three to five years. 

In view of the foregoing condit 
it appeared to us that sanitation 
hookworm control could be e 
by (1) a comparative study 
incidence and intensity of infestat 
in the sanitated mill villages anc 
unsanitated rural districts and by - 
a comparative study of individuals 
different lengths of mill residen 
respect: to their hookworm in 


fos 

i 
4h) 

A 


no 
7) 


and their physical fitness. 
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shod was used by Cort, Payne, and 
Diloy 2) to estimate the value of 
atment to a heavily infested vil- 
+, Porto Rico. These authors 

ved that the treatment cured only 
ver cent. of the population under 
ation; but the intensity of 

tion was reduced slightly over 
cent. The village was not 
stated. Recently, Hill (3) resur- 
-ed this village by the same method 
tery a lapse of thirteen months from 
+s treatment, and compared the pres- 


infestation with that of a second 

-e which had not only been treated 
also been sanitated at the same 
the first area was treated by Cort 
thers. The area which had re- 
treatment alone showed a 

rsal reinfestation with an inten- 

sity half that of the previous year. 
') the area which received both treat- 
and sanitation less than half of 
nhabitants harbored hookworms 

i the average intensity was only 12 
rcent. of that of the previous year. 
chter infestation of the sanitated 
is not attributed to sanitation 
Several factors are discussed 
which may be responsible in 

it is believed that sanitation 
ranks first in importance. 
value of sanitation not only 
e evident in differences in the 
ezree of infestation in sanitated and 
litated districts in hookworm 
reas, but should be reflected 
hysical condition of those 
enehted by it. This should 
especially among those whose 

ons were severe enough to 


clinica] symptoms before the 
lon Of sanitation and who have 


nder sanitary conditions with- 


(yr) 


n treatment for a suffi- 





cient length of time for the hookworms 
to have died of old age. The above- 
mentioned mill villages appeared most 
favorable to test these points; and 
with these in mind, the following ob- 
servations were made. 

I wish here to express my thanks to 
Dr. Wilson (. Smillie for having made 
this study possible, and for his assist- 
ance and suggestions during its course. 


METHODS OF PROCEDURE 


‘The methods used in this investiga- 
tion were similar to those employed 
by us in our studies on the effect of 
varying intensities of hookworm. in- 
festation on the physical condition 
and development of schoolchildren (1 
(4). The Willis salt flotation method 
was used to determine whether or not 
the child had hookworms, and the 
intensity of his infestation was meas- 
ured by the Stoll technic (5). The 
same arbitrary grouping of the in- 
tensity of infestation used in the fore- 
going studies is employed here. The 
intensities are expressed in ova per 
gram of feces in this paper, rather 
than in the computed number of 
worms harbored. This classification 


is as follows: 


Group Intensity of Ova per (rm. of 
Infestation Feces 


| negative..... 


2 very light......... 5) 
3 light | §90- 2,099 
4 moderate 2, 100-11,099 
5 heavy....... 11, 100-22 ,099 


6 verv heavy 22 100 and over 


Kach child was given «a general 
physical examination which included 
his weight and the determination of 
his hemoglobin value. The weights 
were taken of the child, barefoot and in 


summer clothes which consisted of a 





Os Oe a 


rt ee 
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shirt and overalls for boys and cor- 
respondingly light clothing for gurls. 
No correction was made for the weight 
All individuals with 
outstanding physical defects were ex- 
cluded in analyzing the data obtained. 
In one of the mills, a few of the children 
They 
were included in the analysis, however, 


of the clothing. 


reported having had malaria. 


as at least one vear had passed since 
the attack. 

A personal history was obtained on 
each ease either from the mother or 
from an older member of the family. 
This included the child’s age, former 
residence, term of residence in the mill 
village; whether or not the child had 
ever had malaria, and if so, when; 
whether or not he had ever had hook- 
worm treatment, and if so, when and 
by whom treated. 

Practically no significant variations 
existed in any of the mill villages 
which would enter as independent 
factors influencing the hookworm sit- 
uation. For this reason, and because 
the number examined at any one mill 
was insufficient for detailed study, 
the data from the four are handled 


together. 


INCIDENCE AND INTENSITY OF 
INFESTATION 


The incidence of infestation of the 
cotton mill village children is given in 
Table 1. This table includes the 
number of boys and girls positive and 
negative for hookworms who never 
had treatment and the number posi- 
tive and negative who had received a 
treatment at some time previous to 
our examination. The total positives 
and negatives and their percentages 


are also given. As will be seen from 
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this table, 386 children were examine, 
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Fig. 1.—A comparison of hookworm in- 
festation of farm children (A) and cotto 
mill village children (B) of south Alabams 


and south Georgia. a = light infest 
tions: b, moderate infestations: and 


heavy infestations. 


received a hookworm treatment 
were free from hookworms. (i 
total number examined, 263, or b>. 
per cent., were found to harbor ho 
WoOorhis.,. 

The relative intensity of iniestat 
of these children is shown in Table - 
This relative intensity is graphical 
represented and compared with 
relative intensity of infestation 1 | 
rural children of Covington Count 
south Alabama, in Figure 1. [nt 


and 3 and grou] 


chart, groups 2 
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and 6 of the intensity class! 
given earlier in this paper have 








HOOKWORM DISEASE IN COTTON MILL VILLAGES 389 


ompined. This chart — strikingly 
.« the difference in intensity of 


rye 
sii) 


\BLE 1 INCIDENCE OF HOOKWORM INFESTATION IN 386 COTTON MILL 
| VILLAGE CHILDREN OF ALABAMA AND GEORGIA 
POSITIVE NEGATIVE 
3 S | 
: | | : 
cE. | -— 
— ome ~ | _ + | 
- So | @ | = | 2 2 | 2 
pine | kisisisz 2 | s c 
Z. —_ A, ~ A, — =F = a. 
157 | 99! 19 | 118 | 15.2 34 5 39 | 24.8 
229 122 23 | 145 | 63.3 | 76 S 84 | 36.7 
en | Sa — 
| totals or 386 221 42 263 | OS. | L110 | L3 123 | 31.9 
BLE 2.—INTENSITY OF HOOKWORM INFESTATION IN 369 COTTON MILL 
VILLAGE CHILDREN OF ALABAMA AND GEORGIA! 
INTENSITY es NUMBER | PER CENT. 
ova per qm. of jeces) 
Negative 123 | 33.3 
Hookworm Carriers: 
Very lightly infested (1-599) 106 28.7 
| tly infested (600—2,099) 70 18.9 
lookworm Diseases: 
Moderately infested (2,100-11,099) 60) 16.5 
Heavily infested (11,100-—22,099). . 9 1.4 
' heavily infested (22,100 and over) 5 1.4 


istie of the whole rural area from which 
the mill workers were recruited. 


Seventeen positive cases included in Table 1 were unsatisfactory for examination by 


itv method. 


niestation in the unsanitated rural 
ustricts and in the sanitated mill 
villages. The bar representing the 
tive intensity of infestation for 

wm children of this soil province 
‘ken from data collected a year 
ous to the present study and 
esented in our 1925 studies (1). 
‘he conditions in the rural districts of 

ngton County are quite character- 





Kerecr oF TERM OF RESIDENCE IN 
SANITATED Corron MILL 
VILLAGE 


On Intensity of Infestation 


The relation between term of resi- 
dence in the sanitated cotton mill 
village and intensity of hookworm 
infestation is shown in Table 3. It 


is graphically shown and compared 








380) 


with the relative intensity of infesta- 
tion of the rural children in Figure 2. 


As will be seen from Table 3 and 


TABLE  3.—RELATION BETWEEN 


TERM OF RESIDENCE IN SANT- 
TATED MILL VILLAGE AND 
INTENSITY OF HOOK- 


WORM INFESTATION 
IN 386 MILL 
CHILDREN 


| TERM OF RESIDENCE 


INTENSITY fe 
Group OF oe 
INFESTATION |g ow n 2 
_ ~~ | HS 

— + | it 

( O7 } ( 

( ( | ( 
| Negative 27.2 | 41.0 | 49.1 
Pands |! Light 46.6 | 48.2 | 42.6 
1 4°} Moderate | 22.0| 9.6] 7.4 

| 

Sand6| Heavy | 421 1.231 6.9 


| 
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of residence in sanitated mill village and 
intensity of hookworm infestation, A = 
farm children; B, mill children of 1 to 3 
vears’ residence; C, mill children of 4 to 
6 years’ residence; and D, mill children of 
7+ years or entire life in mill village. 
Intensities of infestation indicated = as 
in jenre | 
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Figure 2, a rather high rate of Infests- 
tion was found in all resident grouns 
Kven those living in the mill yjJ}, 
for over seven years or for thei; 
life (children under 7 years of sox 
had an incidence of about 50 per con; 
When we study the intensity ey). 
instead of the incidence curve, we get 
more accurate picture of the réle tha 
sanitation plays in the 
hookworm disease. It is shown |) 
Figure 2 that hookworm disease has 
already become greatly reduced among 
those with from four to six years 0} 
This observation closely 
parallels that of Stiles (6) who, in ay 
early survey of the cotton mills of the 
Gulf Atlantic States, found that out 
of fifty-nine “suspects,” 


whiye’ 
Ast 


— } 
Whole 


contro! of 


residence. 


twenty-three 
persons (among whom were most o 
the more severe cases seen), or 
cent., had 
less than one year. 


2 C 
i +t 


per worked in the mills 


Among our oldest 
resident (seven 


group years) the 


disease has been practically elimi- 
nated; in this group, only one boy, 6 
vears old, was found to be heavily 
infested with hookworms. It is 
doubtful if this infestation 


quired in the mill village, as he lived at 


Was il 


the oldest and best organized mi 
included in this survey. It Is very 

that this infestation was 
picked up during visits to the country 
This may account for many of the 
moderate and light 
pearing in the older resident columns 


probable 


infestations ap 


of Table 3 and Vigure 2. Many ©) 
the mill children find em 
ployment at neighboring farms during 


younger 


the picking season for cotton. They 
work in the field during the day an« 
return to their homes at might. h 
this ly 


manner tney are occaslolal) 
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«ht in contact with infested soil, 
| t ‘s altogether probable that many 
-mill children have in such wise 
«J new worms to their diminishing 
’ infestations. 
lifference in the incidence and 
sty of hookworm infestation in 
veal children and in those who 
‘ived for from one to three years 
eotton mill villages is also 
ked (Mig. 2). The hghter infesta- 
»< in the latter group may be due 
to the dying off of the al- 
old “farm’’ worms within the 
three vears of residence in the 
village. It may also be that the 
atio of intensity of the rural 
is not earried into the mills, 
other words, a larger proportion 
‘amilies with children having light 
estations move into the mill vil- 
ze for employment. The data indi- 
that this is probably true, and 
the greater proportion of the 
‘ vear mill children belonged to the 
chter rural intensity groups. 
he data do show, however, that 
ookworm disease does not exist 
sanitated mill village among 
-e who have lived there for more 
n six years. It is believed that 
‘worm infestation would be en- 
‘rely eliminated at this time were it 
‘for the children returning at times 
‘he country for visits or employ- 
The value of sanitation in 
rm control would then be even 
evident than is shown here. 


(on Werght 


rder to determine whether or 


relation existed between the 
residence in the mill village 

child’s weight, the children 
‘ranged in two-year age groups 





and according to the resident groups 
of Table 3. The mean weight and its 
probable error and the standard devia- 
tion and its probable error have been 
‘alculated for each group. The boys 
and girls were considered separately 
but only the data from the girls will 
be given here in detail because the 
series for the girls is more complete and 
because both show practically the same 
tendencies. These data are given in 
Table 4. They are graphically rep- 
resented in Figure 3 which also in- 
cludes the curve for mean weights of 
normal white girls which is taken from 
Clark’s tables (7). As will be seen 
from Table 4 and Figure 3, the curves 
for girls who have lived in the mill 
villages over four years correspond very 
closely to Clark’s standard. The 
curve for those who have lived at the 
mill for from one to three years follows 
the standard up to the thirteenth to 
fourteenth years and then has a rather 
decided drop with an average of about 
10 pounds less than the higher resident 
and standard curves. As this resident 
group includes the highest number of 
infested individuals, and in view of 
previous observations on the effect of 
varying intensities of hookworm infes- 
tations on the physical condition of 
schoolchildren (4), the general trend 
of these curves is what might be ex- 
pected. In this previous study it 
was shown that light hookworm in- 
festations (1 to 100 worms) do not 
affect the weight of the growing child, 
whereas in the moderate and heavy 
infestation groups (100+ worms) a 
marked decrease was noted in the 
weights of the children over 12 years 
of age. In the earlier age groups with 
moderate and heavy infestations, a 
slight increase above the standard 
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was noted which was attributed to the 
presence of more 7-year old than 6-year 


TABLE 4. 
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VILLAGE AND \ 





detected in the present study. » 
which attributed to the Jars. 


IS 


RELATION BETWEEN TERM OF RESIDENCE IN SANITATED yyy) 
VEIGHT OF GIRLS | 


TERM OF RESIDENCE 














4—6 Yrs. 7+ Yrs. 


AGE | » \ rs, or Kntire ] t 
GROUP , eames a - 
No. in \lean Stan. No. in | Mean Stan. No. in | Mea 4 
Croup Wt. Dev. | Group Wt. Dev. | Group Wt Fins 
/ lh lbs. 
5-6 17 39.00 5.74 8 38.76 1.31 10 40. 40 = 
+0.93 +). 66 £1.02 +0). 80 ) == 
7-8 29 47.18 | 6.30 10 45.2 8.00 10 46.80 | 6° 
EQ. 90 +0. 63 +1.45 | +1.20 +]. 44 
G10 () 58.10 9.50 14 55.58 7.35 IS | 505.78 7 
t+ 1.44 +1.Q2 +1.36 +0.93 +1.25 () AS 
11-12 23 69.96 8.5] LO 69.00 , 10.50 1] 73.54 
+1.19 | +0.84 +? 93 | +1.58 +9 ()5 
13-14 S 87.00 15.43 5 98.4 12.23 10 91.60 | 
+o.60S  +2.59 +3.68 | +2.22 t? 43 +] 7 
15-16 none Z 108.00 26.06 4 113.00 Q | 
+12.52 | +8.76 +3.03 ? 
17-18 7 103.72 8.94) none $ 112.50 12. 
$2.28 | +1.61 +4. 04 si 
19-20 none none none 
: een ae ———+= number of clinical cases occurring 
| , among the older children of this res'- 
a Be Cin stonawe a + 
=/ 108 years Hy, | dent group. 
> _ T+ yeors @antire oA ~ ” rt. ° : . re 
fxd me, Ae The numbers of children occurring 
ed Ps , 7 Bo 
Le in the different age groups are perhaps 
"] ME too small to make definite statement: 
3 Ay" ° , x 
" AE in regard to the relation between th 
ee term of residence in sanitated m 
< ar aa r ° 
| “e villages and the normal increase 
” ie 2 ae. weight and the general nutrition oi ' 


lia. 3.—Showing relation between length 
of residence in sanitated mill village and 
children’s weight. 


old children in the 6 to 7 year group, 
and to edema which is more prevalent 


in the younger, heavily infested age 
apparent 
the corresponding age groups was not 


groups. ‘This increase in 


child. Yet, in view of the similarit 
of these curves to those previous) 
constructed from data of a larger se! 
(4), it seems quite certain that 
value of sanitation 
reflected in the 
weights among the children 
older resident groups. 


here has 


presence of hor 
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On Hemoglobin 


The average hemoglobin of normal, 
Javorm free children of south 
}ama has been previously deter- 
ved (4). The following values were 


i 


ated for each age group: 


Mean Hemoglobin Probable 

% Error 

iy 42.28 +(). 52 
4-9 73.80 +0. 40 
74.20 +0. 40 

| 73.46 +0. 54 
$-15 73.44 +0.73 
§-17 72.80 +0. 90 


rhe Dare hemoglobinometer was used 
n these studies. 
In the present analysis all age groups 
-e been combined, because, as will 
seen from the foregoing tabulation, 


‘BLE 5.—-RELATION BETWEEN 
TERM OF RESIDENCE IN SANIT- 
TATED MILL VILLAGE AND 


HEMOGLOBIN 
MEAN -ROB- 
. | NO. IN EAN PROB 
BSIDENCE : | HEMO- ABLE 
GROUP 


GLOBIN ERROR 


19] 67.80 | +0.26] 

82 72.28 +(). 337 
37 72.26 +0. 461 
Te 72 72.50 +0. 463 


0 significant variance is found in any 
' the age groups which correspond 
those of this study. The children 

re placed in the resident groups 
lously used, and the mean hemo- 
and its probable error were 
puted for each group. These 
vis are given in Table 5. As will 
n from this table, the children of 
three years’ residence have a 
‘ower average hemoglobin 





than those who have lived at the mill 
for a longer period. It will also be 
noted that normal hemoglobin values 
are established after three years’ res- 
idence at the mill under sanitation. 
This perhaps is one of the most ac- 
curate measures we have of the value 
of sanitation in hookworm control, 
for hemoglobin has been generally con- 
sidered the most delicate index of the 
degree of injury caused by hookwornis. 


Discussion 


The lighter infestations with hook- 
worm among the older mill village 
resident groups described in this paper 
and their improved physical condition, 
as indicated by weight and hemoglobin 
comparisons, over those recently 
moved in from unsanitated farims have 
been attributed largely to the fact 
that the mill villages were sanitated. 
It may be said that medical treatment 
has also been a factor in bringing about 
this improvement. ‘This is undoubt- 
Of the 386 


children examined at the mills, 55 


edly true to some extent. 


gave a history of having taken a hook- 
worm treatment at some time. Of 
these 55 children, 42 were found posi- 
tive for hookworms. ‘Thirty of this 
number belonged in the one to three 
years’ residence group. ‘The success 
of these treatments is indicated in the 
intensity examination of the children. 
Nine were negative, 18 had light in- 
festations, 7 moderate infestations, and 
6 were found to have heavy infesta- 
tions. In most instances, the treat- 
ments were received from one to 
several years before the farnily left the 
farm, and were prescribed by the local 


physician. It appears quite evident 
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that the few treatments for hook- 
worms received before our survey of 
the mull could enter but 
slightly as a factor here. It can then 
that the disappearance of 
hookworm the mill 
village children of the older resident 


villages 
be said 
disease among 
eroups, and the improvement in their 
physical condition over those of less 
than three years’ residence are due 
mainly to sanitation. 

Although sanitation at the mill 
village has done away with hookworm 
disease among the older residents, we 
eannot expect a complete eradication 


of the worms here until the rural 
sections, from which the mill families 
Come, are successfully controlled. An 
intensity hookworm examination of all 
ehildren on their entrance into the 
village and administration of the 
standard treatment! to those found 
suffering from hookworm disease 


would immediately place all individ- 
uals into either the negative or the 
light their 
physical condition would in a shorter 


infestation group, and 
period of time be equal to that of the 
older Such treat- 


ment would reduce the whole village 


resident groups. 
to a point of economic cure (1) (4), 
and, with sanitation, which is already 
provided for each house, the infesta- 
tion would not rise above this point. 


SUMMARY 


1. An intensive hookworm study 
was made on children from cotton 
The eftieective dose of oil of cheno- 
podium. carbon tetrachloride. and asecar- 


idol, which will remove from 90 to 95 per 
y‘kworms harbored. 


cent. of all ho 
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mill villages within a heavily infos, 


soil province, in order to determ); 
value of sanitation as a 
factor in hookworm control. 

2. A total of 386 


Princip: 


children 


ew 4 


incidence of about GS per cent. 


Wer 





le the 


3. Hookworm disease, however. wa. 
found to be limited to those childye: 
of less than three years’ residence j; 


the mill village. The 


number 


light infestations and negative ease. 


increased with the increasing years 


residence in the sanitated mill village. 


ft. The value of sanitation was foun 


to be reflected in both the children’. 


weight and _ the 


hemoglobin. Th, 


mean weight and also the mean hemp- 


globin of children of less than thre: 


than of those who had lived in 
village for longer periods of tim 
Normal hemoglobin values were foun 
in children of four years’ residence 
longer at the cotton mills. 

5. Whereas only a few hookwon 
treatments had been given at the m 


1) 


village, the improvements 


years’ residence were noticeably lowe 


Welgii 


and in hemoglobin of children of olde: 


resident groups are attributed 
sanitation. 

G. It is recommended that all ¢! 
dren from areas heavily infested 
hookworm be examined by an int 
sity method (Stoll method 
entrance into mill villages; and tha’ 


standard treatment 


The 


QO) 


be given 


children suffering from this cdisea 


ryy'i! 


in order to relieve suffering and b 


i~n 


about an earlier control of the disea 
than can be accomplished by 5&! 
tion alone. 








‘ 
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INDEX OF COMPORT?* 
Hf. M. Vernon, M.D. 


/nvestigator to the Industrial Fatigue Research Board, London 


INTRODUCTION 


N a recent number of THis Jour- 
NAL Yaglou (1) gives a brief de- 
scription of the numerous inves- 

tigations made by himself, in conjunc- 
tion with Houghten, Miller, MeCon- 
nell, and others, at the Laboratory of 
the American Society of Heating and 
Ventilating Engineers, Pittsburgh. In 
this laboratory are two chambers side 
by side, the temperature and humidity 
of which ean be changed at will, while 
in one room the air velocity can like- 
The sub- 
jects of experiment passed back and 


wise be changed at will. 


forth from one chamber to the other, 
and various combinations of tempera- 
ture, humidity, and air velocity caus- 
ing the same sensation of comfort in 
As the 
result of a very large number of com- 


the subjects were determined. 


parisons it was possible to construct 
two thermometric charts, one applying 
to individuals normally clothed, and 
the other to individuals stripped to the 
Waist. Irom these charts any com- 
bination of dry and wet bulb tempera- 
tures and of air velocity can be com- 
bined into a single value, termed the 
“effective temperature.” 

The effective temperatures apply 
individuals, or to 


only to. resting 


~ Tr — 
meceived for 


publication Feb. 17, 1926. 


individuals doing very light physic,’ 
work; but undoubtedly they form 

ingenious and valuable method 9; 
combining three factors into a single 
expression, and especially in indicat. 
ing the interrelationship of wet and 
dry bulb temperatures. At the same 
time, it is difficult, in the present state 
of our knowledge, to estimate thei 
practical value, and Yaglou_ himsel! 
appears to recognize this to some 
extent. He and his colleagues found 
that in a large number of normally 
clothed individuals the comfort zone 
in still air, ranged from a lower limi 
of 63° (effective temperature) to an 
upper one of 71°, while the most gener- 
ally popular effective temperature, 0! 
comfort line, 66°. He states 
however (1, p. 14), that in summer 
when thinner clothing is worn, ¢ 
comfort line will approach the low 
limit of the comfort zone, and in the 
winter, when heavier clothing }s wor' 
it will approach the upper lint 
Presumably the italicized words am 
misprints, and Yaglou meant “uppe! 
limit”? in summer, and “lower !it! 
in winter. In any case, he recognizes 
that effective temperatures, being de 


nr 


Was 


pendent on our bodily sensations 
not absolutely fixed, though he 


ey al 


not realize how very variable t! 
in actual fact. A simple prooi 0!" 
variability is found in the fact | 


ele 
0 pe 








ePFECTIVE TEMPERATURE VERSUS COOLING POWER — 2393 


land the comfort zone is quite 5° 
wer than the figures above quoted. 
rhys our rooms are usually kept at 
3 ot GO° to 67°F., and these tempera- 
-opes, at a humidity of 60 per cent. 
turation and an air velocity of 25 
+ ner minute, correspond to effec- 
temperatures of 58° and 64°, 
respectively. Presumably these lower 
foetive temperatures are due to our 
Jimatization to a climate which its 
‘Ider in the summer than the Ameri- 


.n climate, while in the winter we do 
+ heat our rooms so much. 


eECTIVE TEMPERATURE IN RELA- 
TION TO COOLING POWER 


cooling power of the air, as 
termined by the kata-thermometer, 
is been used a great deal in England 
i convenient index of comfort, and 
nard Hill, the inventor of the 
ment and the method, considers 

i dry kata cooling power of 6 is 
nuinimum requirement for seden- 
individuals. This value can be 
iuced by innumerable combinations 
mperature and air velocity, but 
e are transmuted into terms of 
clive temperature they give ex- 
nely divergent values, as is pointed 
‘i by Yaglou. Thus with air veloci- 
s ranging from 10 to 100 feet per 
nute, or the range usually met with 
“loors, and at a constant humidity 
' per cent. saturation), we get the 
‘ults shown in the upper half of 
!. It will be seen that the 
temperature varied by no 
‘ian 12°, and if the air velocity 
oulb temperature are kept 
while the wet bulb tempera- 
Which is said not to affect the 
‘a cooling power-—is_ varied, 


‘ive temperature is likewise 





greatly influenced. As can be seen 
from the data in the lower half of the 
table, a change of humidity from 100 


TABLE 1.—COMBINATIONS OF AIR 
TEMPERATURE AND VELOCITY 
YIELDING A COOLING POWER 


OF 6! 

- - : 

TEMPER- 9 <2 = 

ATURE = S 

‘7, T = e 

HUMIDITY . a == z ~ 
— = ~ > = on 
S = < a oq 
Fi © ioe @ | kx 

fi — £ “ tz] 
aa fi. per ae 
I, I he, Pe, 

Wridde,. 

as S 49.0 HQ 10 56.6 
Constant... 09.7; dDS.7, 90 a0 65.0 
74.8 63.2) 50: 100 OS 6 
—_— 69.7, 69.7) 100 a0 GS NS 
Variable. eae! fs a " er 
69.7) 48.4 2 a0 O26 


! Caleulated from the new tuble of kata- 


thermometer calibrations (2). 


per cent. saturation to one of 25 per 
cent. saturation caused a difference of 
6.2° in the effective temperature. 

At first sight these and other similar 
data suggest that the kata-thermom- 
eter is hopelessly at fault as an index of 
comfortable conditions, but we shall 
see that this conclusion is erroneous, 
and that with certain allowances the 
kata probably yields as fair an index of 
comfort as is obtainable. The appar- 
ent conflict of evidence is due to the 
fact that comparisons of comfort made 
by the two-chamber method suffer 
from one very important disability 
they take no account of acclimatization. 
The average individual, under average 
conditions, is not in the habit of chang- 
ing suddenly from rooms with high 
temperature and high air velocity to 
those with low temperature and low 
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velocity, or vice versa. In most rooms 
comparatively small changes of tem- 
perature are experienced from moment 
to moment, though as a rule the tem- 
perature gradually warms up 5° or 
more during the course of the morning. 
During this gradual rise the individuals 
subjected to it become to some extent 
acclimatized to the increasing tempera- 
ture, and evidence in support of this 
statement is afforded by Houghten 
and Yaglou (3). In determining the 
comfort zone, they sometimes started 
at too low a temperature for comfort 
and gradually raised it till it became 
comfortable or too warm, and at other 
times they reversed the conditions. 
leading off the temperatures recorded 
in one of their diagrams, I found that 
on an average the comfortable effec- 
tive temperature was 64.6° when ap- 
proached from the cold side, and 65.5°, 
or nearly 1° higher, when approached 
from the warm side. 

More marked than the diurnal 
changes of acclimatization are the 
seasonal changes. As the mean tem- 
perature of the air gradually rises 
on passage from winter to summer 
weather, each of us undergoes a 
gradual adaptation, and at the same 
time we put on thinner clothes. In 
consequence, we experience the same 
degree of comfort at a temperature 
several degrees higher than that ob- 
served in winter time. Acclimatiza- 
tion has the effect of diminishing the 
relative importance of the tempera- 
ture factor of cooling power (as 
measured by kata-thermometer) and, 
consequently, of increasing the rela- 
tive importance of the air movement 
factor. The extent of this alteration 


ean be neither measured nor pre- 


dicted, so the only method open to us 





for estimating the significance of «; 
cooling power of the kata in terme. 
human comfort is the very laboricn,. 
one of empirical graduation. | 
systematic observations y 
made by T. Bedford, C. G. Wapp,, 
and myself (4), at twelve factoric. 
recorded sensations 
movement before making the | 
mination of cooling power, according: 
the scale shown on the left of Tale 
convenience 
assigned 0 to 8 marks to the 
classes, and the two investigators w: 
made most of the observations not 
down their sensations independent) 
and took a mean between the ass 
They agreed exactly in th 
estimate in 60 per cent. of 
vations, while they differed by 1 
than 2 marks in only 2 per ce 
The mean dry kata cooling 
power observed varied from 
7.9 in the summer observations, « 
from 5.2 to 8.9 in the winter ones. 
an average, the cooling powe! 


recording. 


the summer, and so it may be sax 
that, roughly speaking, in orde: 
produce a given sensation of air m 
ment in the winter it was necessa 
for the air to have a cooling power 
unit higher than that require: 
This difference of stanc.’ 
was due chiefly to temperature, ! 
was about 7°F. higher in the sum 
than in the winter, though its eff 
were to some extent neutralized 


summer, 


the increased air velocity, whic 
usually about 9 feet per minute great 
It will be seen thy’ 


the sensation of air movement © 


in the summer. 


enced progressed through each 
from “very stagnant”’ to ‘ 





nondenee, but the two compo- 
-< on which the cooling power de- 
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combination of the two, such as that 
given by the cooling power of the kata- 


SENSATION OF AIR MOVEMENT IN RELATION TO COOLING POWER 


SUMMER 


| 


7 
$ s = 
rloN OF AIR fo S = 
EXPERIENCED ~ o oe, 3 
. = EL fae 
ae: 
Z, & — 
int gt oem 14 | 3.9 | 75.6 
t to stag- 
] 11 4.3 173.8 
2 23 | 4.9 | ii.a 
medium... (3 21 | 5.4 | 68.9 
4 5] 5.é OHS. 
h, 5 SS | 6.3 | 67.0 
6 49 > 6.6 > 6O.S 
fresh.... (7 12 | 6.9 | 65.3 
- ‘ 10 7.9 69.4 


showed no such uniformity of 
in the summer observations 
velocity was nearly constant, 
the sensation experienced 
2, or 3, and the increasing 
tion was due almost entirely to 
temperature, for this declined 
cradually from 75.6° to 68.9°. On 
hand, the temperature was 
vhen the sensation experl- 
ed from 6 ‘o , and the 
sensation of air movement 
itirely to the air velocity, 
ually rose from 44 feet per 
‘2 feet. This series of 
vations shows very strik- 

iore, that the sensation of 


it experienced cannot he 


terms either of tempera- 


velocity. hut needs a 





WINTER DIFFERENCE IN 





1 - | :- | 
> - ‘ ~ | 2tlteowl, 
ry 7 i . ry = | we ry 
a = © —_ = + - ats am 
S|/Soa2'/% | a} si] a) 8 
o> is] & > |ola | © ® 
> isi = ir | | > 
fy 5 < = = | | & m . 
_ a. a _e | oo ~e ~~ ie) 
<A a — " <— — ! _ ae 
ft : | ft ‘ ft e 
per 77 per ad | per 
min. men. | | min 
| 
go »  ¢ , . ‘ ‘ ar | ‘ 
aay 0 5.2 68.6 OA -1 3} 7.0 | 3 
| 
2d 6 | 5.8 164.2 | 18 -1.5' 9.6) 9 
30 1S | 5.8 |64.7 21 —().9' 6.6 | 9 
35 66 | 6.6 |62.1 | 26 0.9 6.2 9 
3 37 | 7.1 |60.3 | 29 0.8! 6.7 | 14 
44 | 201 7.7 |59.3 | 36 -1.1! 6.5 & 
50 218.4 |54.9 | 29 |—1.5)10.4 | 21 
S2 1] 8.9 155.3 | 45 -~}|.010.] vi 
4] 203 6 .8461.5 25 1.1) 7.6 13 


thermometer. The winter observa- 
tions lead to a similar conclusion. 

The correlation between sensation 
of air movement and the kata obser- 
vations has been determined by esti- 
mating the correlation ratios. It will 
be seen from Table 3 that there is 
a high correlation between air sensa- 
tion and cooling power both in summer 
and in winter, and a lower one between 
air sensation and temperature, and 
between air sensation and velocity. 

The differences observed between 
the summer and winter results are due 
partly to differences in the clothing 
worn by the investigators, but chiefly 
to acclimatization. ‘This conclusion 
is supported by splitting up the obser- 
vations into smaller groups, and 


averaging them. It will be seen from 
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Table 4 that the summer observations 
were split up into three groups, accord- 
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powers of 5.4 observed in June. and 
of 6.9 observed in February to Maro) 


} 
Ae 


TABLE 3.—CORRELATION RATIOS 











CORRELATION RATIO OF 


WINTER 


| 
| SUMMER 
| OBSERVATIOve 


OBSERVATIONS 





Cooling power on air sensation 
Temperature on air sensation. 
Air velocity on air sensation 


(ae @ a @ £8. 2 oe 6S 4 Se Se 


...e+{ 0.703 + 0.023 | 0.790 + 0.018 
rere | 0.531 + 0.032 | 0.740 + 0.021 
vere | 0.569 + 0.030 | 0.381 + 0.04 








TABLE 4.—SEASONAL VARIATION IN 
COOLING POWER AND IN EFFEC- 
TIVE TEMPERATURE 


9.3°R 3 


oie ik 
pe > “— 
= i aa 
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Z x < |@ ZO 
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- = = ~ Sp 
MONTH < ~ a Oom|x2& 
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. v = 2ol Ze 
= 7. Zz vais a 
; < <A ow fe ~ > 
- a 63} = e| SO mM 
— ted = ~~ ~~ 
y a Pe 'é oo 
°F, | oF 
June..........| 89 | 5.4 |70.7 166.3 114.6 
July to August) 76 | 5.9 |67.6 64.3 |11.7 
September.....) 64 | 6.1 66.1 '63.3 /11.0 
January..... 99 6.7 61.6 59.0 | 6.4 
February to 
March....... 104 | 6.9 |61.4 [58.8 | 5.8 


1 At observed room temperatures. 


ing as they were made in June, July 
to August, or September, while the 
winter observations were split into two 
groups, according as they were made in 
January, or February to March. The 
data show that the mean cooling power 
in each monthly group (producing the 
sume bodily sensations) has a linear 
relationship to the mean indoor tem- 
the time the 
ascertained. At 
the extremes come the mean cooling 


peratures observed at 


cooling power Was 


The weather happened to be mild 


than that usually observed, so we may 
say that, roughly speaking, if a cool. 
ing power of 6 is considered reasonable 
for sedentary workers in mild weathe 
one of 5 would be equally reasona)), 
in hot summer weather, and one of 7 
in cold winter weather. This concly- 
sion is diametrically opposed to coo!- 
ing powers calculated from effectiy 
temperatures. On _ transmuting 

temperature and air 
served by us into terms of effectiv 
temperature, we found, as can | 
gathered from Table 4, that the Jun 
data correspond to an effective te 
perature of 66.3°, and the February! 
March data to one of 58.8", or (. 
lower. 


velocities ob 


Let us for the moment assul 
the strict validity of the hypothes: 
that equal sensations of comiort 
indicated by equal effective temp 
tures, and calculate the cooling pov 
to the observed 

At the room ten 
ture of 61.4° observed in [ebru 
to Mareh the effective tempe! 
would have been 59.3° if the a! 


corresponding 
temperatures. 


ity had been 10 feet per minut! 
the corresponding cooling power ¥ 
then have been 5.8. On the 
hand, at the room temperature 0! | 
observed in June it would 


: : - Pert 
sary to raise the air velocit) 
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) 4+ yer minute in order to yield an ion in winter (October to March), 
| fF tive temperature of 59.3°, and and 1,308 in summer (May to Sep- 
BLE 5.—COOLING POWER AND TEMPERATURE IN RELATION TO 
SENSATIONS OF COMFORT 
COOLING POWER TEMPERATURE 
NO. OF . — 
NSATION EXPERIENCED OBSER- Difference Difference 
VATIONS! Mean | from Mean from 
Summer | Summer 
| | oR | af 
Much £00 CONG.. sissksdesccscl oo 9] (1.6 51.1 | (5.1) 
Too eold tet tee eee oC ee oe 145 7 9 1.4 D7 1 D.6| 
are S46 6.6 | 0.2 0 62.1 | 4.0\,_ 
| ~ 0.8 vue anaes 
IE I re ls is eg ek i 128 6.0 O.4 64.7 2.9 
Much £00 WATT ..6.iccce cca] 15 9.3 | OS | 68.2 | 98.21} 
| 
\fuch too eold.. ] YR ) Be Beewres aa 
- PES £0 ok Bee caer oe 22 * Bi aerrecr 62.7 
| Summer .Comfortable................] 914 7 2 ere a ae 
PU EE aire dle che dow ee #4 248 o.3 OS a er 
Much too WAPM.........6.. | 123 4.5 13.9 





this air velocity the cooling power 
vork out at 14.6. That is to 
effective temperature method 
evests that in order to get equality 
rt, the cooling power ought 

ch in the summer and low in 
whereas we found that, 

x to acclimatization, the reverse 


. ; 
s/s . f COSA 


POWER OBSERVATIONS ON 


\UMEROUS SUBJECTS 


be objected that the cool- 
observations above de- 
epend on the subjective sensa- 
three investigators: there- 
tained further evidence 
much wider range. We 
questioned individual 


+] - seas C : 
ne various tactories at 


were making the cooling 


Mmhingaty 


ms, and altogether 


1 (* 
' 
| ; 


) expre ssions of opin- 





tember). In over 70 per cent. of all 
cases the conditions were considered 
to be ‘“‘comfortable.”’ The mean cool- 
ing power corresponding to this com- 
fortable sensation was 6.6 In summer 
and 6.4 in winter, a difference of only 
0.2 unit: but as can be gathered from 
Table 5, the other sensations differed 
more widely, and on an average (from 
which the “much too cold” observa- 
tions are excluded owing to paucity of 
data) differed by O.S unit. Hence 
they roughly resembled the difference 
of 1.1 units observed by the investiga- 
tors. The higher winter cooling power 
depended chiefly on the fact that the 
average workroom temperature in 
winter was about 5° lower than in 
summer. 

The individual factories investigated 
differed considerably in their atmos- 
pheric conditions, and these conditions 


reacted on the workers. In a_ boot 





RN ee SR 








See 





5398 


and shoe factory, for instance, by 
suitable control of the temperature 
and ventilation the cooling power 


TABLET 6.—COMPARISON OF EQUABLY HEATED FACTORY WITH & 
FACTORY 
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tions recently made by us in faeto.:, 
the humidity was found to 


' . 

(TH pre f 

Val \ at 
‘ 


00 per cent. to 69 per cent. saty, 
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ALO? 


()T 











NO. OF OBSER-| COOLING POWERIN | 














COOLING POWER 1 
VATIONS AT | WINTER AT SUMMER Aj 
" je 4 " ( R 2 | - fs 7 
SENSATION EXPERIENCED | » & 4 } 28 | .~ | =& | of | + : 
| =9 S es | S| © | =@Ss I S 7 
| _ _— | — ~~ | ~— | j oid | > 08 
| 3o mu i@es|)|maeioe |ée —_ , 
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Much too cold.......... | 5 15 | 8.3 | 10.1 +1.8 | Ton arr 
Too cold................., 47 | 40 | 74 | 9.5 | 42.1] 6.7 | 7.0 
‘ . i ood ’ | >. - _- - | _ - } . 
Comfortable.......... | 615 166 | 6.5 | 7.7 F1.2.) 6.5 | 6.7 
_ ’ ‘ |» ow | ee ” 
oo warm... 118 21 | 5.9 | | | 5.7 | 5.5 ) 
| ~ - pe 
Much too warm...... 10 | 1 | 5.9 | 9.0 | (4.5 





all times in the 
hot 
consequence 


was kept very steady at 
in summer 
and in the 
workers showed very little acclimatiza- 
from Table 6 
a comfortable 


year except very 


weather, 
tion. It will be seen 
that they experienced 
sensation at the same cooling power 
both in summer and in winter, 
their cor- 
responded to a lower cooling power in 
At a tin canister factory, 
which was not so well heated, the 


(OH. 


though other sensations 


Surmmer, 


various sensations experienced in win- 
ter corresponded to a cooling power 
which was 1.2 to 2.1 units higher than 
that the better heated 
factory, though in the the 
cooling powers differed very little. 


Qo! served In 


Summer 


(LB TEMPERATURES 


One advantage of effective tempera- 
ture over dry kata cooling power lies 
in the fact that it takes account of the 
humidity of the atmosphere. In ordi- 
nary climates, however, the humidity 
remains fairly steady during most days 
of the y' 


*) ‘ 


ar, for in the 3.330 observa- 








in 77 per cent. of all cases. In only 
1 per cent. of the observations wa 
air more than 79 per cent. saturated 
while it was less than 50 per ce 
saturated in 5 per cent. of the obser- 
vations. At a dry bulb temperatur 
of 65° and an air velocity of 30 feet} 
minute the effective té 
would be 61.5° when the ar 
20 per cent. saturated, and 635 
was 80 per cent. saturated; thi 
influence of the wet bulb temp 


" , \y’ + 
PRA CL 


is small under ordinary circunst 


At high temperatures, how 
becomes more and more in) 
till at the maximum tem) 


which human beings can endur 
out the development of heat 
it is all-important, according ' 
dane (5). The endurable 
depends, according to hi 
vations, on the wet bulb t 
t} 


alone, and not at all on th 


In 


statement, I made a large 


temperature. order to 


observations upon myself } 
] » 
‘ 5 


Unit 


atmospheres, 2 


moist 
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rm his. As ean be gathered 
the summarized observations in 
- Tmade series of observationsin his colleagues investigate 








of the data recorded by him ¢ 
support this statement. If 


‘\BLE 7.—MAXIMUM ENDURABLE LIMIT OF TEMPERATURE: 
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lo not 


he and 
effective 


) - MOIST 
a ve som - . : amie DIFFERENCE IN 
EXPERIMENTS EXPERIMENTS 
CLOTHING WORN een a a | 
Dry Wet | Dry Wet Dry Wet 
Bulb Bulb | Bulb sulb | Bulb Bulb 
a °F. v I ¥ F. 
5 Aah lade ee 9S .5 89.9 S7 SO.7 —1] —Q.2 
peat we 90.2 80.8 81.8 80.9 —8.4| 40.1 
Ns dick teenie tte ena aes 88.3 78.6 $2.4 81.6 | —5.9 | 43.0 








+ I wore moderate clothing (shirt, 
sers, and underclothing), or light 
thing (shirt and trousers, but no 
lerclothing), or no clothes at all, 
during the observations I per- 
ied moderate mechanical work by 
tep climbing at the rate of 135 feet 
minute (for forty-four minutes in 

h hour). It will be seen that my 
lurable wet bulb temperature was 
ically the same for dry and for 
jist alr When light clothing or no 
With moderate 
hing it was somewhat greater in 
t air than in dry, but these obser- 
ons are not so reliable as the others, 
ecause the clothing got gradually 
saturated with perspiration (and there- 
cooled the body more effectually) 
different rates in the two atmos- 


Cai 


othing was worn. 


vlou (1) states that Haldane 
‘uded that the wet bulb tempera- 
one is the correct index of human 
but he made no such claim, 
in respect of men performing 
‘ar work in warm atmospheres. 
‘ikewise maintains that the 
temperature method holds at 


“1 temperatures, though some 





temperatures on subjects performing 
mechanical work, I predict that they 
will come to the conclusion that 
when the mechanical work is severe 
the dry bulb temperature is of little 
or no significance. When moderate 
work is being done, the dry bulb tem- 
perature will have some significance, 
especially at low and moderate tem- 
peratures, but it will be of less impor- 
tance than is indicated in the charts at 
present issued. 

So far no mention has been made of 
wet kata-thermometer readings in re- 
lation to comfort, for the reason that 
very little evidence is available. It 
seemed probable that for men en- 
gaged in heavy work, and especially 
for those working at high tempera- 
tures, the wet kata cooling power 
would prove to be a much better index 
of comfort than the dry kata cooling 
power. Thus I found (6) that the 
wet kata cooling power depends only 
on the wet bulb temperature, and is 
unaffected by the dry bulb. Now 
Mr. Bedford and I, who have just 
completed an investigation on the 
subject in coal mines, have found 


that the wet kata cooling power 
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forms much the best index of comfort 


and efficiency. Even the dry kata 
cooling power was a_ better index 


than effective temperature. 


EFFECTIVE TEMPERATURE AS A MEAS- 
URE OF ACTUAL COOLING 
OF THE Bopy 


As is pointed out by Yaglou, the 
thermometric charts of effective tem- 
perature enable one to calculate the 
actual cooling effect produced by air 
In the concrete instance 
quoted (1, p. 9), still air at a dry 
bulb temperature of 76° and a wet 
bulb temperature of 62° was compared 
with air at the same temperature, but 
with a velocity of 100 feet per minute. 
The chart shows that the cooling pro- 


movement. 


duced by the air movement was 70.4°- 
This 
value was ealculated from the chart 
clothed indi- 
‘alculation 
from the chart relating to individuals 
stripped to the waist gave a differ- 
68.6°-66.8° =1.8° effective 
That is to say, the 
reacted to air 
movement considerably more than the 


69° = 1.4° effective temperature. 
relating to normally 


viduals, while a similar 


ence of 
temperature. 
stripped individuals 
clothed individuals. 
[ have recently made a number of 
observations on the cooling effect of 
air movement by an entirely different 
method (7), and my results, in so far 
as they are comparable, are in good 
agreement with the effective tempera- 
ture data. My method consisted in 
rauusing the temperature of my body by 
step climbing to about 99.6°, and then 
determining the rate at which the rec- 
Half the obser- 
vations were made in nearly still air 


tal temperature fell. 


at an average velocity of 12 feet per 


minute, and half in moving air at a 
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velocity of 100 feet per minute. oy ., 
what is about the maximum degree , 
air movement ordinarily experjenog, 


TABLE 8.—EQUILIBRIUM TEMPER. 
TURE IN MOVING AIR AND Jy 
STILL AIR 
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= _ Q& 
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a | >| | | 

eee | ) 

Vest and trousers.........| 75 | 71 
. } __~ _~ 

Ee Od ? 
Ce 6s nb obs eee ck ol 160 | 59 | 

indoors. From my observations | was 


able to calculate that when warm win- 
ter (indoor) clothing was worn, my 
body temperature would 
mained at a steady level when I was 
standing in still air at 59°, or in moy- 
ing air at 60° (see Table 8). That 
is to say, the moving air had a cooling 
effect equivalent to 1°F. When | 
was lightly clothed in shirt, trousers, 
and thin underclothing, the cooling 
effect of the air was equivalent to 
2°, and when I wore only trousers 2 
thin vest, or no clothes at all, it was 
equivalent to from 2° to 4°. Hence 
the effect of the air movement Was 
always small, as it was found to ) 
in the corresponding effective temper 
ture observations, but it was Col 
siderably affected by the clothing wor. 
The main object of my observations 
was to find out the relative importane’ 
of clothing and of air movemet! in th 
cooling of the body, and from the cal 
adduced it will be seen that cloth 


have re- 
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was of far greater importance. When 
«inter clothing was worn my body 
fomperature remained steady at an 
ir temperature Which was 22° to 23° 
ower than that required to maintain 
if when | wore no clothes at all. 


(CONCLUSIONS 


[t will be gathered that no single 
ydex of comfort exists, nor is one 
likely to be evolved, for the reason 
that the skin of the body is sometimes 
dry, and sometimes moist from _per- 
spiration, and so it reacts very differ- 
ently to atmospheric conditions. At 
ihe same time, it appears that under 
ordinary conditions the cooling power 
of the air, as estimated by the dry 
kata-thermometer, 1s a much better 
ndex than the effective temperature, 
because it automatically makes a 
considerable allowance for acclimati- 
ition. It does not allow enough, 


\- 


however, and therefore some further 
correction has to be made when com- 
paring summer and winter cooling 
powers, but its readings are not greatly 
at variance with bodily sensations, 
as effective temperatures are. Under 
special circumstances the effective 
temperature is a better index than the 
cooling power, but it appears to me 
that such circumstances seldom occur 
in practice. It might be thought that 
they held when we passed from a hot 
room to the cold air outside, or vice 
versa; but they do not really do so, as 
we appropriately vary the clothing 
worn in order to neutralize the tem- 
perature differences. 

lor men engaged in heavy muscular 
work the wet kata cooling power is the 
best index; for men engaged in moder- 
ate work, therefore, both dry and 
wet kata cooling powers have to be 
considered. 
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A REPLY TO H. M. VERNON* 
C. P. YaGctou 


Department of Ventilation and Illumination, 
Harvard School of Public Health, Boston, Mass. 
de b] 


N a recent paper (1), I reviewed a 
portion of the work of the Re- 
search Laboratory of the Ameri- 

ean Society of Heating and Ventilat- 
ing [:ngineers at Pittsburgh, dealing 
with the development of a thermal 
index of atmospheric conditions—the 
so-called “effective temperature 
Irom experimental evidence 
and from examples of common experi- 
ence, I pointed out the superiority 
of this index to kata-thermometer indi- 
cations and showed that not only our 


index,.”’ 


cutaneous sensations of warmth and 
coolness but also our physiologic reac- 
tions follow this index. 

This review has caused comments 
and arguments in England, where the 
kata-thermometer is used extensively. 
A discussion of the Pittsburgh results 
is given by Vernon and his colleagues 
in a recent paper (2, pp. 32 to 41), 
in which the authors take exceptions 
to both the experimental procedure 
and the interpretation of the Pitts- 
burgh results. Elsewhere in Tuts 
JoURNAL Vernon (3) presents further 
arguments in defense of the kata and 
attempts to show its superiority to 
the effective temperature index. 

The principal criticisms that Ver- 
non makes are: (a) that the method 


* Received for publication April 15, 1926. 


by which the effective temperatur 
lines were determined was unnaturs! 
and, therefore, impractical; and 
that the effective temperature se: 
and the comfort zone (he confuses the 
two) take no account of acclimatiza- 
tion. Because of these two disabili- 
ties Vernon concludes that “the kat 
probably yields as fair an index of 
comfort as is obtainable.” He als 
points out two errors in my review: 
(a) misquoting a conclusion of a paper 
by Miller and myself (4, p. 99) on the 
extreme variations in the comfort line 
according to the seasonal variations in 
the clothing worn; and (b) misrepre- 
senting Haldane’s discovery of theim- 
portance of wet bulb temperature in 
very hot places. 

The purpose of this paper is ¢ 
answer these criticisms, to explain 
certain phases of the Pittsburgh wor: 
which apparently have been mistt- 
derstood by Vernon and his colleague 
and to show that the discrepancy ! 
tween the kata and effective tempe! 
ture is due entirely to inherent deiec's 
in the former. 


PRACTICAL SIGNIFICANCE OF 
EFFECTIVE TEMPERATURE INDES 
AND CoMFoRT ZONE 


Apparently Vernon’s doubts 0! | 
practical value of the Pittsburgh \ 
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_yse from the fact that he is not 
smiliar with it. He commits himself 
_. ayjous mistakes in referring to the 
pittsburgh data, particularly in his 
riginal report (2, pp. 33 and 38). 
» this reason I will outline briefly 
scope of the Pittsburgh work. 
rhe effective temperature index, 
~hich was derived from a comparison 
*the sensations of warmth and cool- 
ness by the two-chamber method, is 
hased fundamentally on a physiologic 
sumption, the validity of which was 
proved subsequently by physiologic 
ita, This assumption was that wlt?- 
tely all bodily reactions to atmos- 
nheric heat must be initiated and 
diated through the temperature 
senses of the skin. 
Reports from the Pittsburgh labora- 
tory (5) (6) show definite correlations 
. between (a) effective temperature and 
| in temperatures, (b) effective tem- 
perature and measurable physiologic 
. reactions, and (c) skin temperatures 
nd measurable physiologic reactions. 
his evidence proves the practical 
ue of effective temperature as an 
‘urate physiologic index of the 
rmth of the body. It also contra- 
ucts Vernon’s claim that the two- 
chamber method takes no account of 
veclimatization and that we were, 
pparently, unaware of this factor. 
cause of this method effective 
‘uperature automatically compen- 
or the relative acclimatization 
‘ry in a relative index of this 
lf the acclimatization effect 
hot the same in two extreme 
‘ions of the same effective tem- 
ture index, the corresponding 


gic reactions obtained after 


'ged periods of exposure would be 
4 ‘ e , 1 
AS a matter of fact they 





are as nearly the same as can be 
expected, even under the most extreme 
conditions employed in the experi- 
ments. 

These extremes are neither practical 
nor desirable, but undoubtedly they 
are very valuable for drawing definite 
conclusions. Tor this reason in some 
experiments our subjects compared 
conditions in the two chambers differ- 
ing by as much as 20° (Vernon objects 
to this); in many other experiments, 
however, particularly those conducted 
in temperature conditions ordinar- 
ily met with in practice, the two rooms 
differed as little as 2° or 38°. At 
higher temperatures, where it was pos- 
sible to produce great temperature dif- 
ferences between the two rooms, we 
have determined the effective tempera- 
ture lines with temperature differences 
as great as 25° and as small as 3°. 
The results obtained by the two pro- 
cedures showed no definite variations. 

Up to the present time the Pitts- 
burgh laboratory has developed two 
separate and distinct effective tem- 
perature scales but only one comfort 
zone. ‘The first, or basie seale, was 
determined by subjects stripped to the 
waist, and applies only to sedentary 
conditions. The second, or normal 
scale, is of more practical importance 
because it applies to men normally 
clothed. Both scales were deter- 
mined by the two-chamber method, as 
Vernon states, but the two chambers 
differed usually by only from 2° to 
5°. which is not so great a difference 
asheimplies. Also, the subjects com- 
pared sensations of warmth and not 
sensations of comfort. A third scale 
for men doing muscular work 1s yet 
to be determined. 


In the comfort zone experiments, 
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however, our subjects did not change 
from one room to the other, but they 
always remained in the same room and 
recorded their sensations of comfort. 
The comfort zone, on the normal 
effective temperature scale, applies 
to average American men and women 
living inside the broad geographic belt 
across the United States, in which 
eentral heating is a household neces- 
sity during about four to seven months 
of the year. So far as I know, it has 
never been advocated for climates, 
clothing, and heating standards like 
those of Great Britain, although Ver- 
non attempts to show that it cannot 
be so applied. He offers this as a proof 
of the variability of the comfort zone, 
attributing the difference to aceclimati- 
zation. That the British comfort zone 
is unquestionably lower than the 
American will be admitted by any- 
one who has lived in both countries. 
But Vernon does not recognize a very 
important reason for this variability 

namely, the difference in the eloth- 
ing, particularly the underclothing, 
worn in the two countries. Here in 
the United States most men wear thin 
eotton underwear the year around. 
Often this underwear is sleeveless and 
eut short at the knees. Woolen under- 
wear is worn but seldom and as a 
general rule only by older men or by 
men who spend the greater part of 
the day out of doors. It is most 
uncomfortable and unnecessary in the 
average American home or office 
heated to from 68° to 72°, Americans 
eoing to england in winter for the 
first time usually dress in their habitual 
clothing and suffer accordingly until 
they clothe themselves in the under 
and outer garments used by the Brit- 


ish. Similarly, Britishers upon land- 





ing in America complain of overheata, 
homes, but they obtain relief by adopt. 
ing the thin cotton undergarmer, 
usually worn by Americans. 

The influence of clothing upon th, 
position of the comfort line within the 
comfort zone is expressed in a paper 
from the Pittsburgh laboratories (4 
p. 99) as follows: “Thus it is left ¢ 
the judgment of the heating and yep. 
tilating engineer to shift the comfor 
line back or forth according to seasona! 
variations in the clothing worn, | 
lighter clothing is worn in summer than 
in winter, the comfort line will ap. 
proach the lower boundary of the 
zone in winter and the upper boundary 
in summer.” ‘This statement, applies 
to significant variations from the or- 
dinary clothing worn by the average 
American man and woman in winter 
and early in the spring. It is in this 
statement that I misquoted myself in 
my review (1, p. 14), giving lower 
boundary instead of upper, and | 
versa, , 

While the comfort zone as deter 
mined by the Pittsburgh laboratory 
does not hold equally for conditions 
other than those outlined above, 11 
not only possible but very pro 
that all nations of the white race 
react similarly to both effective tem- 
perature scales. 


ACCLIMATIZATION IN ITS RELATION 
CoMFORT ZONE AND 
Comrort LINE 


Vernon apparently wishes to 1) 
that in the comfort zone experi 
also the Pittsburgh laboratories 
unaware of the effects of acclimat! 
tion. Not only were we aware 


effects. but we endeavored to 


pensate for them by a very pr: 
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sethod. In one of our papers (7) 

- .» outlined the program of experi- 

. ents for the determination of the 
»fort zone and stated that: 

- The boundaries of the comfort zone 

| comfort line to be investigated 

oendently at 30 and 60 per cent relative 

t, wmidity in order to ascertain whether they 

iC incl le with the effective temperature 

| oc The lower and upper limits of the 

one to be established by approaching them 

both higher and lower temperatures 

as to compensate for any possible effect 

[f of acclimatization. 


)- Later on in the same report (p. 374) 
we find: 


[It will be seen that if the tem- 
ture change is from lower to higher, 
comfort zone and the comfort line shift 
z¢ t slightly lower temperature and vice- 

In other words, if the subjects dwell 

+ n the same temperature over prolonged 

" iods of time, they become acclimatized 

‘ the condition. This does not affect the 

its, however, since tests were made with 
erature changes in both directions. 


r. trom this it is clear that the diurnal 
nges of acclimatization were fully 
enintoaceount. Speaking quanti- 

- ‘atively, the data for the entire group 

{! people who participated in the 
vhen analyzed on the basis of 

7 iective temperature with clothing, 

‘how that on approaching the comfort 

i the cool side the comfortable 

temperature was approxi- 

>. and when approached from 
‘ide it was 66.5°. The differ- 

veen the two is about 1°, as 
correctly points out, and the 
ective temperature is 66° 


t 


) 
the two extremes. Simi- 
ipper and lower limits of the 
ne are subject to a com- 


» ie . . ed 
acclimatization effect of 





about the same magnitude, which is 
well within the experimental error. 

In regard to seasonal changes in 
acclimatization, we need not consider 
this factor any more than our actual 
living and working conditions demand. 
With the exception of a few short 
periods of hot summer weather the 
temperatures to which Americans are 
acclimatized in winter and summer are 
well within the range employed in the 
comfort zone experiments. As a mat- 
ter of fact, there is little adaptation in 
this country as we pass from winter to 
summer, and vice versa, because the 
effective temperature indoors 1s as a 
general rule very nearly the same the 
year round. Vernon, himself, ha, 
found that, in a factory which was 
properly heated in winter, there was no 
evidence of seasonal acclimatization. 

With our meager and vague knowl- 
edge of acclimatization, for the pres- 
ent, at least, we can only say that the 
comfort zone is wide enough to take 
care of reasonable variations in accli- 
matization and clothing. It is quite 
possible for the human organism to be- 
come acclimatized to more extreme 
conditions with no apparent discomfort 
as Vernon mentions, but can these con- 
ditions be considered the optima for the 
human body? Does not acclimatiza- 
tion to extreme conditions involve a 
strain upon the heat regulating system 
or in general interfere with the normal 
physiologic functions of the human 
body? 


CONFLICT BETWEEN KATA-THERMOM- 
ETER AND I-FFECTIVE 
TEMPERATURE 

In Table 1 of his paper in Tuts 
JOURNAL (3), which is. reproduced 


here. Vernon compares combinations 
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406) THE 
of air temperature and velocity which 
give a kata cooling power of 6 with 


TABLE 1.—COMBINATIONS OF AIR 
TEMPERATURE AND VELOCITY 
YIELDING A COOLING POWER 























OF 6! 
- ae: 2 4 
| TEMPER- | <@ & 
| ATURE i s 
} é “4 ae 4 
2 es > a 
7 ND _ & 
* r . ‘ea pag — ry 
HUMIDITY ~— | « So! oo ! B 
— — KS ~ a 
a | 3 a a — = >) 
a | 3 oe i S Bas 
Tete ; = > a - = 
> | o, wa an Oe 
oO a = ~ <a 
iw |. <= — _ < 
or; | oF O07. ft. per oF” 
| " min. | : 
} ~ y y lt 2 } all , ’ 
| oS.8}) 49.0) 50 | 10 | 56.6 
‘ 4 | > =~ | - | ~ | _- 
Constant..:| 69.7) 58.7; 50 | 50 | 65.0 
| - | a9 - | | 


100 | 68.6 


69.7} 69.7! 106 () OHSS 
Vial LP pit ia = = - - . , 
69.7) 48.4 2) | OO 62.6 

tL Caleul: me from the new t: alike of f ka we a- 


thermometer calibrations. 


the corresponding effective tempera- 
tures. It will be seen that there is 
considerable variation, as is to be ex- 
Vernon accounts for this 
variation as follows: “The apparent 
conflict of evidence is due to the fact 
that comparisons of comfort made by 
the two-chamber method suffer from 
they 
acclimatization.” 
L first wish to make clear that the 
effective temperature — scales 
developed by the two-chamber 


pected. 


this very important disability- 
take no account of 
alone 
were 
method, and that in these experiments 
ve did not compare comfort but sensa- 
tions of warmth. The comfort zone 


for still al 


r conditions was not deter- 


mined by the two-chamber method, 
nor did the subjects of these experi- 
ments pass from one room to the 
other. 
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Assuming, for the sake of the apo. 
ment, that the two-chamber met), 
takes no account of acclimatizatio, 
it is remarkable that Vernon arrives 
at this conclusion by comparison ys! 
the kata which also takes no aceon: 
of acclimatization. 

From common experience, an Insp 
tion of Vernon’s Table 1 discloses 
that while a temperature of 58s 
dry bulb with a humidity of 59 po, 
cent. is cool for comfort, one of 748 
is warm, even with an air velocity, 
100 feet per minute. Probably { 
intermediate condition of 69.7° wil 
be found comfortable by the average 
American, because it is near the eo. 
fortable effective temperature of ((’, 
With a relative humidity of 100 pe 
cent., the condition of 69.7° 
is comparable to foggy and oppre 
sive weather, while with a humidity of of 
25 per cent. it is comparable to clear, 
cool and dry weather. According to 
the kata all conditions in the 
equally comfortable and measure 1) 
to the standard requirement { 
sedentary individuals. Why? Be- 
cause the kata-thermometer takes no 
account of clothing or of humidity 
Clothing protects the body agains st the 
cooling influence of moving air whl 
the naked kata is unprotected 
therefore, is much more afiected 
air currents than is the clothed 
In any ordinary 
the humidity is high, evaporation! 
the curtailed 
warm; but when the humidity 
there is increased evaporation 


however, 


table are 


temperature, 


. body 1s and we 


; aT 
sensible perspiration, as a resui 
though the ' 


perature of the air is the same. 


which we feel cool. 


Elsewhere Vernon himself point 
these disabilities of the kata, 
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eomparison with eltective tem- 
vatyre he fails to discuss them. 
‘nstanee, in his recent report (2, 


~ 


he states: 


Nevertheless, it is often assumed 
ooling rates indicated by the in- 
nder various atmospheric condi- 

apply directly to the human body 
exposed to the same conditions, 
oh differs so enormously from the 
number of ways. Firstly, in 

+ to the naked bulb of the kata, the 
‘s almost always clothed, and clothing 
\\- reduees the cooling power of moving 
For instance, it was shown by Hill 
colleagues (1920, p. 239)! that a naked 
when in still air, indicated a cooling 
of 6.1, but when exposed to a mild 

it indicated one of 15. When the 
vas covered with a finger-stall of 
wool, the cooling power was reduced 
{8 in still air and to 7.0 in the mild 
} the moving air increased the cool- 

vrate of the clothed kata only 46 per cent., 
mpared with an increase of 146 per 


in the naked kata. 


\\ith reference to evaporation, he 


‘ 


states on page 32 of the same report: 


ther important difference depends 

the evaporation of moisture from the 
ce of the body. When the skin is 
vered with visible perspiration, the cool- 
rate of the body is comparable to that 

' wet kata-thermometer, but as a rule 
‘is not comparable either to the dry or the 
ikuta, but tosomething between the two. 


NSATIONS OF AtR MOVEMENT AND 
FFECTIVE TEMPERATURE 


able 4 of his paper in Tuts 
reproduced here), Vernon 
comparisons between effective 
perature and empirical estimations 


a lhe Science of Ventilation and 
‘reatment. Part II. Med. Res. 
eclal Rep. Series No. 52. p. 239. 


oa . . 
I. Stationery Office, 1920. 


4 
- +4 r 
Lil 


of sensations of airmovement. ‘These 


estimations are expressed in terms of 


mean kata cooling powers, which were 


TABLE 4.—SEASONAL VARIATION IN 
COOLING POWER AND IN EFFEC- 
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determined immediately after the in- 
vestigators recorded their sensations 
of air movement. Vernon’s Table 2 
(THis Jour. (3) ) shows the gradua- 
tions of the scale of sensations and the 
general routine employed in the ex- 
periments. 

In order to show Vernon’s method of 
constructing Table 4, I am quoting 
Table IV of his original report (2, p. 
39) from which the mean cooling 
powers given in Table 4 have been 
obtained. 

Vernon assumes’ presumably that 
our sensations of warmth and comfort 
in the different seasons of the year are 
represented by the mean of his em- 
pirical classifications of sensations of 
air movement from very stagnant to 
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very fresh. Accordingly he takes as a 
quantitative indication of these sensa- 
tions the mean of the corresponding 


to raise the air velocity to 640 fo 
per minute in order to yield an effo. 
tive temperature of 59.3°, and wit! 


TABLE IV.—SEASONAL VARIATION OF COOLING POWER IN RELATION 7) 
AIR SENSATIONS 
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kata cooling powers for the various 
months, and coneludes that for equal 
sensations of comfort the cooling power 
must be 5.4 in June and 6.9 in Febru- 
ary March. He states: “This 
conclusion is diametrically opposed to 
cooling powers calculated from effec- 
tive temperatures.” <A little later he 
says: “That is to say, the effective 
temperature method suggests that in 
order to get equality of comfort, the 
cooling power ought to be high in the 
summer and low in the winter, whereas 
we found that, owing to acclimatiza- 
tion, the reverse was the case.”’ 

The effective temperature method 
suggests nothing of the sort, but Ver- 
non falls again into the same mistake 
of calculating the cooling power of the 


and 


naked kata from effective tempera- 


tures for the clothed body. He finds 


that “at the room temperature of 70.7° 
observed in June it would be necessary 





this air velocity the cooling power 
would work out at 14.6.” It is true 
that the cooling power of the naked 
kata at an air velocity of 640 feet will 
be 14.6 but the clothed body, as we 
have seen previously, is by no means 
affected to such an enormous extent. 
If we correct the kata for this inherent 
disability, we shall find that the effec- 
tive temperature method, in so far as 
it could be comparable to Vernon: 
results, 1s in good agreement. 

I have already quoted Vernon 0 
the cooling rate of the clothed and 
naked kata in moving air. [Ile says 
that, according to Hill, air movement 
increases the cooling rate of the naked 


kata 3.2 times as much as it does the 

146 a 

clothed kata (a = 32). Therefore, 
J 


° ° ° ° leata 
in the light of this evidence, the kat 
cooling power of 14.6 which \erno? 
. — r ‘ahi . } 
calculates for June in his ‘abit 








ould be —~- = 4.6. 
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14.6 ry. 
The corre- 
3.2 


sonding cooling power for February 


nd Mareh is 5.8, as shown in the 


“4 
At 


Heel 1ve 


winter than in summer. 
‘antially in agreement with Vernon’s 
results, but diametrically opposed to 


\je. In other words, according to 
temperature, the cooling 
ver of the air must be higher in 
This is sub- 


his eriticism of effective temperature. 


One arrives at the same general con- 


jusion by using the data of the Pitts- 
urgh laboratory. 
hermometric charts where Vernon ob- 
‘ained the effective temperature values 


Irom the same 


n Table 4 (assuming a relative humid- 


ity of 50 per cent.) it will be found that 


air current of 640 feet per minute 


ta dry bulb of 70.7° and a wet bulb 


59.5° (relative humidity 50 per 


ent.) produces a cooling of 8° effec- 


tive temperature on the human body 


vhen normally clothed and 16° effec- 


pherie conditions, 


tive temperature when stripped to the 


ust. Therefore, under these atmos- 
ordinary indoor 


iothing reduces the cooling effect 


17 


‘air currents by 50 per cent. as com- 


ed with that obtained when the 


‘ubjects were stripped to the waist. 


(\? 


ie ] i 
naked men approximating the 
ta condition, the reduction in cool- 


ing aue to clothing must, of course, be 








+ 
f 


considerably greater than 50 per cent. 


i this we may say that the calcu- 
‘ cooling power of 14.6 for June, 
' corrected for clothing, must be 

‘iderably less than 7.3. This is as 

~Wwe can go with the available data. 

us consider next Vernon’s 

: and the analysis of his experi- 

| data. In reading his report 

© two principal doubts that 
my mind, 


" oy 


1. The validity of his 
graduations: 

A. It isa well-known fact that while 
it is possible for the human body to 
detect temperature differences between 
two rooms as small as 3°F., it takes 
several degrees to affect our actual 
sense of warmth. In other words, we 
cannot judge the actual temperature 
of a room closer than 3° to 4°. We 
are also unable to judge sensations of 
air movement with accuracy. ‘There- 
fore Vernon’s results are subject to 
these two approximations. 

B. Vernon’s scale of sensations of 
air movement is meant to be of an 
absolute nature, but in reality the 
sensations are relative, because they 
were undoubtedly influenced to a great 
extent by the immediately preceding 
experiences of the investigators. This 
he admits in his original report (2, p. 
39) in discussing the results. 

C, His estimations depend to a large 
extent on the sensations of air move- 
ment upon the face and hands, since 
the rest of the body is warmly clothed. 

D. Evaporation, which is a factor of 
considerable importance in summer, 
was ignored entirely. 

2. Analysis and conclusious: 

A. It is a question whether any 
definite significance can be attached 
to the mean sensations of air move- 
ment from very stagnant to very 
fresh. 

B. It is a question also whether 
these mean sensations for the various 
months can be interpreted (in terms of 
the kata cooling power) to indicate 
conditions of the same _ physiologic 
warmth and comfort. 

These last two points are self- 
explanatory, and evidence in support 
of my contentions is afforded in Ver- 


empirical 
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non’s ‘Lables 5 and 6 (3). Compared 
with Table 4 reproduced above, he 
gives here contrasting but more defi- 
nite data based on the actual warmth 
sensations of individual workers. It 
that the 
were comfortable in winter 


ean be seen in Table 5 
workers 
and summer at almost the same cool- 
ing power, namely, 6.6 and 6.4, re- 
spectively, although the mean cooling 
power for winter is 7 and that for 
summer is 6. The same is true in 
Table 6 where both summer and winter 
were observed at the same 
cooling power of 6.5, but here Vernon 
attributed this to heating facilities. 
Ile does not, however, give the tem- 
perature and air movement in the 
equably heated factory. 

We may, therefore, conclude (at 
least, in the light of evidence pre- 
sented by Vernon) that our sensa- 
tions of warmth and comfort are not 
necessarily identical with our sensa- 
tions of airmovement. Obviously the 
effective temperature index, which is 
based on relative sensations of warmth 
or cold and confirmed by physiologic 
data, cannot very well be compared 
with such empirical estimations. 
‘These have more to do with threshold 
air currents than with our actual 
sensations of warmth and comfort. 
In that respect Vernon’s data are 
valuable. 


comfort 


SIGNIFICANCE OF Wet BULB 
TEMPERATURE 

398) that 

under ordinary circumstances the in- 

fluence of the wet bulb temperature 

is small. 


Vernon contends (3, p. 


‘To a certain extent this may 
be true in England, but in the United 
States the humidity, especially in- 
doors, varies through such wide limits 
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that it cannot be ignored. Ag 9 yoy. 
ter of fact, it is not quite cop, 

whether Vernon could afford to Laicare 
the influence of this factor on ,. 
heat loss by evaporation. For i 
stanee, his correlation ratios betwee 
kata cooling power and air sensations 
are 0.705 in summer and : 

wiuter. He attributes the differen 
between the two partly to differene 
in the clothing worn by the investigo- 
tors, but chiefly to acclimatization 
To my mind the lower correlatioy 
ratio for summer is to a large exten 
due to the greater evaporation of 
moisture from the skin during th 
warm summer weather. The kats 
takes no account of this factor: hene 
the lower correlation ratio. 

Another instance where Vernon fails 
to consider the importance of wet bul! 
temperature is afforded by data with 
which he shows the discrepancy be- 
tween the kata and effective temper- 
ture index. On page 33 of the report 
(2) mentioned previously, he and his 
colleagues present the data reproduced 
in the accompanying tabulation, whic! 
apply to men stripped to the waist ané 
exposed to air moving with a velocity 
of 50 feet per minute. Here the con- 
ditions are rather favorable to t! 


90 


s 


rt 


Saturation Cale. 
of Airwith © 


Dry Bulb Wet Bulb 


Temper- Temper- 


ature ature Moisture Power 
lo or. % 

67.3 67.3 100 H.0 

69.1 65.0 SO 0.2 

71.1 61.9 60 5 

73.4 5S.5 AQ 9.4 

76.0 53.9 20 1 
kata because its cooling powe! 


compared with a set of equivalent co! 
ditions having the same effectiv' 
perature for men stripped 10 
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waist. thus approximating the naked 
cat To minimize further the effect 
¢ elothing, the air movement is kept 
sonstant at 50 feet and the relative 
hymidity is varied from 100 per cent. 
2%) per cent. But even then the 
+, cooling power varies. ‘The varia- 
‘s due chiefly to evaporation but 


fy some extent to clothing—factors 
. of whieh the kata takes no 
account. 


\s the relative humidity decreases 
from 100 to 20 per cent. the heat loss 
eyaporation from the body in- 
veases, while the loss by radiation 
| convection decreases because of 
smaller difference in temperature 
between the body, air, and surround- 
ng objects. The kata-thermometer 
ndicates only the heat loss by radia- 
tion and convection, and therefore its 
cooling power should decrease as the 
temperature increases and the humid- 
ty decreases. We may account quan- 


rt titatively for this drop in the kata 
IS cooling power with decreasing humid- 
fi iv. In the saturated atmosphere of 


Tr) 
v/.3°, the first condition given in the 
ulation, there is little heat loss by 
aporation—we do not know the 
act amount. On the other hand, at 
inary temperatures about 20 per 


‘OTT 


it. of the body heat is lost by 


ei tre) no +> 
DOratLon., 


This condition 1s com- 
‘to the third series of values in 
Vernon's tabulation, namely, 71.1° 
vulb, 61.9° wet bulb, and 60 per 
relative humidity. The increase 
eat loss by evaporation as the 
humidity drops from 100 to 
cent. must therefore be some- 
s than 20 per cent. Accord- 
‘the kata eooling power must 
he same proportion. At 100 
relative humidity it is 6.6 





and at 60 per cent. it is 5.7. The 
percentage drop is then 


6.6 — 5.7 
.6 dd < 100 = 14 per cent. 





which is less than 20 per cent., as pre- 
dicted on the basis of effective tem- 
perature. ‘This leaves 6 per cent. to 
be accounted for by the heat loss due to 
evaporation at 100 per cent. relative 
humidity and by the influence of 
clothing. 

I agree entirely with Vernon in that, 
at high temperatures, wet bulb  be- 
comes more and more important, but 
at least for resting men it becomes the 
all-important factor only in tempera- 
tures which a human being could en- 
dure for a short period of time. THis 
Table 7 (3) is not convincing because 
the range in temperatures is too small 
to warrant definite conclusions. In 
this connection I wish to correct my 
misrepresentation of Haldane’s (8, 
p. 513) discovery of the importance 
of wet bulb temperature in hot at- 
mospheres. This Vernon points out 
justly. The error in question occurred 
on page 5 of my review in ‘THIs 
JOURNAL (1) where I stated that ‘‘Hal- 
dane . . . . concluded that the wet 
bulb temperature alone was the cor- 
rect index, without regard to dry bulb 
temperature, humidity, or dew point 
temperature.” ‘This should have read: 
Haldane arrived at the conclusion 
that the wet bulb temperature alone 
is the index of the discomfort experi- 
enced on exposure to high tempera- 
tures, regardless of dry bulb tempera- 
ture, degree of humidity, or dew point 
temperature. On page 11 of my re- 
view I give Haldane’s conclusion cor- 
rectly. 


Our Pittsburgh high temperature 
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data are not actually at variance with can endure for only a short period ,; 
Haldane’s or Vernon’s, they simply time. | 
cover a wider range, and have been 
obtained under accurately controlled 
conditions. The acclimatization ef- It has been shown that the effoo. 
fects, if we may call them such, ob- tive temperature index, as wel] q 
served by Vernon in his high the comfort zone, takes due aceoyy 
temperature experiments were found of acclimatization, and that th 
by us at Pittsburgh and have been’ conflict with the kata-thermomete; 
discussed and explained in detail by cannot be explained by this factor 
Moss and Haldane (9) in England. but is due to the inherent defects jy 
We found acclimatization to be so the instrument itself. This eonfije 
important, particularly at high tem- was accounted for quantitatively } 
peratures, that in both basal metabo- correcting the kata indications {o) 
lism and work experimentsthe subjects clothing and humidity. 


CONCLUSION 


underwent a rather severe ordeal of Vernon’s evidence of sensations | 
repeated rehearsals before the data air movement as judged by the kata- 
were accepted as reliable. thermometer is not at variance ) 


Vernon says (3, p. 399) that accord- the effective temperature index, as |y 
ing to some of our data the effective claims, but, when corrected for cloth- 
temperature method does not hold at ing, it is in fair agreement with ¢] 
very high temperatures. Hedoesnot, Pittsburgh work. Unfortunately 
however, specify the data. He also cannot correct his results for humidity 
predicts that at high temperatures because he has not recorded 
when severe mechanical! work is done wet bulb temperatures in the 
the dry bulb temperature is of little tories. 
or no significance. Presumably Ver- In my opinion there is one conc 
non predicts this from data obtained sion to be drawn: The kata-t! 
with too limited range in dry bulb mometer, because it differs physica! 
temperature. I am confident that, if from the human body so much and 
he examines the field thoroughly, he so many ways (this Vernon, hims 
will come to the conclusion that the admits (2, p.31)), falls far short oi | 
dry bulb temperature is of consider- purpose for which it was design 
able importance except in very high It is, however, very valuable as 
temperatures which a human being anemometer for low air velocities. 
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BOOK REVIEW 


IresH AIR AND VENTILATION. ByC.-E. A. 
Winslow, Professor of Publie Health, Yale 
School of Medicine; Chairman, New York 
State Commission on Ventilation. Cloth. 
Pp. xi, I82. New York: Ek. P. Dutton & 
(o., 1926. 


‘é 


to give ‘“‘a 
clear presentation of the whole sub- 
ject” of ventilation ‘‘to the general 
reader, rather than to the physician, 


This book is designed 


the engineer or the school superintend- 
ent.” It presents “in broad outline’”’ 
the author’s conception ‘‘of what good 
ventilation is and how we can secure 
it under varying conditions.’ More 
particularly it brings into popular 
readable form the main features and 
New York State 
(‘ommission on Ventilation, whose re- 


conclusions of the 


port was too voluminous and too ex- 
pensive for popular appeal. 

In the first chapter the author traces 
the development of ventilation from 
the old expired 
toxic poisons, and carbon dioxide to 


theories of odors. 


the modern conception that ‘‘the 
physiological problems of ordinary 


ventilation have ceased to be chemical 


and have become 
physical and cutaneous.”’ 
Chapter 2, “What Constitutes Good 


Ventilation,’ will probably be of most 


pulmonary, and 


interest to the technical reader since 
here D)r. 


the New York Commission of which 


Winslow reviews the work of 
he was chairman. He makes several] 


statements which seem at variance 
both with his own statements and with 
the the New York 


(Commission. 


conclusions of 


On page 52 he states: 


In the first place the temperature of +i, 
body itself is slightly but definitely ; 
creased by a rise in atmospheric temyy is 
ture, : 


1 


summer months th 
average rectal body temperature at § 4 y 
was found to vary day by day directly y 
the average outdoor temperature duri: 9 
preceding night. The average |} 
perature of the subjects fell O.8°P. 
exposed in the chamber to the 68° eondit 

it fell 0.1° when exposed to the 75° cond 
and it rose 0.2° when exposed to the § 
condition. The average final rectal | 
temperature averaged 98.1° at 68°; 98.5 
79°; and 99.3° at 86°. 


During the 


The heart rate decreased markedly at 
but remained high at 75° and 86°. The 
average final heart rates in the reel 
Sl at 75° and 74 
at 86°; in the standing position, 77 
105 at 75°, and 99 at 86°. 
whether the higher heart rate at 75 


compared with 86° is significant or n 


position were 66 at 68° 


) 


(It is not cert 


Tinally, the rate of 
slightly but distinctly increased, 
average of 17.9 at 68° to 19.3 at 75 
at 86”. 


respiratior 


On page 78 he states: 


The harmful effects of the 
ordinary badly ventilated room are 
interference with heat loss from the sur! 
of the body. Such effects are 
indeed. A temperature in excess 
little air 
humidity, ererts direct and impor! 


; 
dus 
very 


with movement and m 


upon the circulation, causing | 

an increase in body ti m pe rature 

heart rate and a fallin vaso-motor ¢ 

it profoundly limits efficiency by cus! 
a disineclination to physical exert 

it markedly | 


increases suscept 


respiratory disease. 


He ¢ 


In the reviewer’s opinion t) 
of Dr. Winslow’s Commission €0 2’ 
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cctify. these generalizations. Fur- 
‘hermore there are no data, so far as 
cue reviewer knows, from other inves- 
ications such as those made by the 
Pittsburgh group or by Haldane, Hill, 
yd Vernon in England which support 
vinclow’s statements which we have 


'y the reviewer’s opinion the New 
York Commission’s data from which 
‘he italicized statements are drawn 
were not wholly conclusive. The 
-tatement that less work is performed 
4t temperatures above 68° than at 
ower temperatures is substantiated 
fairly well by Huntington in this 
country and by Vernon in England. 
he application of the English data to 
the United States is, however, ques- 
tionable because of the substantial 
lifference between [english and Ameri- 
‘an climates. 
The statement that ‘‘a fall in vaso- 
otor efficiency’’ results from expo- 
es to temperatures in excess of 68° 
very difficult to reconcile with our 
lay experiences —-particularly 
hen our American homes and offices 
‘ar more apt to be heated above 
clow 68°. Furthermore the New 
York Commission found a decrease 
not a rise) in body temperature at 


hs anc —e) 


nd also at 75°. It required 
(SU per cent. relative humidity 
© Commission to show definite 
in body temperature. This is 

1 good agreement with the earlier find- 
ugs of Tlaldane and the later find- 
ngs of the Pittsburgh investigators. 
'e statement that a temperature of 

¥S’, produced and maintained 
‘hanical ventilation, causes in- 
splratory troubles when com- 

ith window ventilated schools 


fa at about 66° is a serious 





condemnation of mechanical ventila- 
tion as applied to schools. It is based 
on statistical studies taken from repre- 
sentative schools in a district where 
central heating during the winter 
months is essential. For ventilating 
engineers to answer this with the argu- 
ment that the schools investigated 
by the New York Commission were 
ill chosen and not representative of 
the best modern ventilation practice 
is futile and unconvincing. 

With the author’s and the New 
York Commission’s arguments that 
mechanical ventilation properly de- 
signed and under careful control is 
satisfactory the reviewer 1s in hearty 
agreement. Dr. Winslow does not 
and has not condemned mechanical 
ventilation but maintains that as 
it now is applied in schools it does 
not fulfil its requirements. In the 
reviewer's opinion the poor results 
and the respiratory troubles found by 
the New York Commission are due to 
the fact that the ventilating engineer 
feels that his work is done when the 
installation is turned over to the vaga- 
ries of a janitor of questionable 
mechanical ability. 

In Chapter 3, ‘““How to Secure Good 
Ventilation,’ the author states: 

In general, window ventilation alone 
will serve for the living room, the sleeping 
room, and the hospital ward. Window 
inlets, with gravity exhaust on the plan 
discussed above, will ordinarily prove most 
satisfactory for the schoolroom, for the 
ordinary office. and for many factory work- 
rooms. | In the large or crowded office or 
workroom (particularly with special heat 
sources present) and in the auditorium, on 
the other hand, natural heat loss through 
walls and ceiling will generally be so small 
relative to bodily heat production that an 
air supply of 30 cubic feet per person per 


minute (or more) will sometimes be neces- 














1G 


Such 
occupied spaces cannot, as a rule, be satis- 


sury, to maintain a low temperature. 


factorily ventilated by a window-gravity 


system and we must here resort to fan 


ventilation. 


Chapter 4 is devoted to “Special 
Problems of Factory Ventilation’? and 
Chapter 5 to “Climate and Season and 
the Hfygiene of the Skin.” In dis- 
cussing clothing (p. 180), Dr. Winslow 
states: 

[In general, it seems probable, with the 
ample warmth provided in American dwell- 
ings, that the wearing of woolen underwear 
in winter is distinetly harmful and that it is 
better to wear the same type of undereloth- 
ing the vear round, with heavy outer cloth- 


THE JOURNAL OF INDUSTRIAL HYGIENE 


ing when one goes outdoors. In Summer wo 
not only need the lightest weight clothing 
possible but also outer clothing whieh ;, 
light in color, since dark fabries may «). 
sorb twice as much heat as white inne 


Those who insist on comparing 
United States and European, partiey. 
larly climatic conditions 
should remember that we dress yery 
differently from Europeans. Eyer, 
country has standards of dress to suit 
the climate, both indoor and outdoor 


and when one indulges in international 


english, 


comparisons of comfortable indoor 
conditions international differences jy 
dress should not be forgotten.—-Philiy 
Drinker. 





